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Description 

Background of the Invention 

Field of the Invention 

s The present invention relates to a highly reactive polymer, which has a large number of carboxyl 
groups (or their salts) on its side chains and at the same time has a thiol group or a group containing a 
disulfide linkage at one end of its main chain and to a process for the preparation thereof. It is an object of 
the present invention to provide a poiymer to be used for the linking of an antitumor antibody and cytotoxic 
substances in the production of a target seeking anti-cancer drug {antitumor drug) which is prepared by 

to linking said antitumor antibody, which is capable of linking with a target tumor cell, and said cytotoxic 

eiiKefan^oe \A#hi/*h \*/rirlr ae ant?j*anror rlriins 

WMV w.w >wv~, " ...w., •' — «•<» — • '— — • — • — - -J 



Description of the Prior Art 

It has hitherto been known to use a reactive polymer as a medium with the object of increasing 
is efficiency in linking an antitumor antibody and a cytotoxic substance in the preparation of a target seeking 
anti-cancer drug. 

For instance, U.S. Patent 4,046,722 (G.D. Searle & Co. Limited) issued on September 6, 1977, discloses 
an antitumor drug which comprises an antitumor immunoglobulin and a polymer carrier, for instance poly- 
glutamic acid, having 5 — 500 molecules of a cytotoxic drug covalently bonded thereto, bonded by amide 

20 linkages. The antitumor drug obtained in this way is a very interesting chemotherapeutic in that it is 
expected to be selectively directed to the tumor target to exert its toxic action within the tumor ceil. 

However, a demerit of this known antitumor drug is that the linkage of the antitumor antibody and the 
cytotoxic part {the polymer carrier linked with an anticancer drug) is effected by amide linkages, more 
particularly the linkages are effected by means of free amino groups or carboxyl groups contained in the 

25 antitumor antibody. An immunoglobulin molecule has many amino groups or carboxyl groups at its 
antigen seeking subunit Therefore, in an attempt to conjugate a cytotoxic substance to an antitumor 
immunoglobulin by means of an amide linkage, the antigen seeking subunit of the antitumor immuno- 
globulin also becomes conjugated with the cytotoxic substance, thus lowering its antigen-seeking function. 
As a result the obtained antitumor drug totally or partially loses its ability to bind to the tumor cell. Also the 

30 method provided in U.S. Patent 4,046,722 allows the formation of amide linkages in the antibody molecules 
and polyglutamic acid molecules, or between the same kinds of molecules. The formation of such an 
undesirable amide linkage results in the decreased efficacy of the obtained antitumor drug and further 
raises a problem in that it causes by-production of a high molecular weight polymer substance which is 
unsuited for use for the treatment of tumor patients. 

35 

Summary of the Invention 
As a result of earnest research work to overcome such demerits as are found in the prior art, the 
present inventors have found that an antitumor drug which is free from said demerit can be obtained by 
directly conjugating a thiol group which is obtained by cleaving the disulfide linkage existing in a specific 

40 part of an immunoglobulin, with a cytotoxin, or by conjugating a modified immunoglobulin, which is 
prepared by chemically introducing thiol groups or any groups that can be linked with thiol groups into the 
immunoglobulin beforehand, with a cytotoxic substance. The present invention provides a reactive 
polymer which can be used most satisfactorily for the preparation of such an antitumor drug as mentioned 
above or other target seeking drugs. 

45 The present invention relates to a reactive polymer having a degree of polymerization in the range of 5 
to 3000, with 60 mole % or more, preferably 80 mole % or more, of the total constituent units comprising 
the constituent units expressed by formula (I). 



-COCHNH— 

so ! (I) 

(CH 2 )m 

i 

cooz 

wherein Z indicates a hydrogen atom or a univalent cation; m is an integer 1 to 4; and having an active 
55 group expressed by formula (II) at the carboxyl end of the main chain 

X — S — W — N — {») 

I 

60 R * 

wherein X indicates a hydrogen atom or a group which can form an S-S linkage with the adjacent 
n ighboring sulfur atom; W is a divalent rganic gr up; represents a hydrogen atom or an alkyl gr up 
having 1 to 4 carb n atoms. 
6$ Of the above reactiv p lymers, a p lym r {or a reactiv p lymer having a terminal thiol group) in 



2 
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which X is a hydrogen atom can be obtained by reductively cleaving the disulfide linkage of a hydrophilic 
polymer, which has a degree of polymerization in the range of 5 to 3,000, with 60 mole % or more, 
preferably 80 mole % or more, of its total constituent units comprising the constituent unit expressed by 
formula (I) and has a disulfide linkage containing group expressed by formula (III) in the main chain or at 
5 the carboxyl end of the main chain 



10 



15 



R 2 — S — S — W — N — (»■) 
I 

R, 

wherein W and R, are as defined for formula (II); R 2 indicates an alkyl group, araikyi group, or aryl group 
when the group expressed by formula (III) is the end group of the main chain, and indicates a divalent 
group expressed by 

— N — W — 

I 

FV 

when the group expressed by formula (III) is in the main chain, wherein W is a divalent organic group 
20 identical with or different from W and is linked with S of formula (III); and R,' is identical with or different 
from R, and represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms. 

A polymer, in which X is a group capable of forming an S— S linkage with the adjacent sulfur atom, can 
be obtained by reacting a reactive polymer which has a terminal thiol group ( — SH) and is obtained as 
above, with a reactive disulfide compound. 
25 The reactive polymer of the present invention is used to provide a reactive polymer which is 
conjugated with a cytotoxic substance, has a degree of polymerization in the range of 5 to 3,000, and 
contains an active group expressed by said formula (II) at the carboxyl end of the main chain, by allowing 
said reactive polymer itself to react with a cytotoxic substance which contains an amino group or imino 
group in its molecule, so that 60 mole % or more, preferably 80 mole % or more, of the total constituent 
30 units may consist of a mixture of a constituent unit expressed by said formula (I) and a constituent unit 
expressed by formula (IV) 

— COCHNH- " (IV) 

I 

35 <CH 2 )m 

CO 

I 

Y 

40 wherein Y indicates a reaction residue of the amino group or imino group of the cytotoxic substance which 
contains an amino group or imino group in its molecule; and m is an integer 1 to 4. 

Such a reactive polymer conjugated with a cytotoxic substance can also be obtained by allowing a 
hydrophilic polymer, with 60 mole % or more, preferably 80 mole % or more, of its total constituent units 
comprising constituent units expressed by said formula (I), and having a disulfide-containing group 

45 expressed by said formula (III) in the main chain or at the carboxyl end of the main chain, to react with a 
cytotoxic substance which contains an amino group or imino group in its molecule, and then reductively 
cleaving the disulfide linkage of the reaction product or converting the thiol group resulting from such 
cleavage into an active disulfide linkage. 

so Description of the Preferred Embodiments 

The reactive polymer of the present invention can be conjugated with such cytotoxic substances as 
anticancer drugs, etc by means of many carboxyl groups (or their salts) on its side chains and also can be 
conjugated with an immunoglobulin of an anti-tumor antibody, etc. by means of an active group at the end 
of its main chain. 

55 In formula (I), Z is a hydrogen atom or a monovalent cation, for instance Na + , K* and NrV". m indicates 
an integer 1 to 4 but a preferable result is obtained when m is 1 or 2. The reactive polymer of the present 
invention may contain units of formula (I) in which m = 1 as well as units of formula (I) in which m = 2 may 
exist together and the reactive polymer functions satisfactorily so long as the total of those constituent 
units is 60 mole % or more, preferably 80 mole % or more of the total constituent units in the polymer. 

50 The reactive polymer of the present invention may contain any constituent units other than those 
expressed by f rmula (I) within the range of less than 40 m le % of th total constituent units. T adduce 
examples, there may be m ntioned such a-amin acids as glycine, alanine, phenylalanin , s rine, etc. that 
hav no carboxy group ( r its salt) on the sid chain at the a-positi n. 

The constituent unit consisting of such a-amino acid takes no part in conjugating the polymer with the 

55 cytot xic substance; however, it may be of some use in adjusting the water-solubility of the reactive 
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polymer itself and also in adjusting the water- and fat-solubility of the polymer conjugated with the cyto- 
toxic substanc . Th refore, in cases wh re the adjustment of fat- and water-solubility is not specifically 
required, it is better from the practical point of view that the polymer should not contain constituent units 
consisting of such a-amino acids. 
5 In formula (II), X repr sents a hydrogen atom or a group which can form an S— S linkage with the 
adjacent sulfur atom. As for the latter, there may be mentioned for instance, 2-pyridylthio group 

10 ( ^L^"" S " > • 4-pyridylthio group { F^"^— S - ) , 3-carboxy- 



/5 



20 



25 



35 



40 



45 



50 



55 



COOH 

4-nitrophenylthio group (O^N S - ) , 4-carboxy-2- 



pyridylthio group (HOOC— -^J^— S - ) . N-oxy-2-pyrldylthio 
30 group ( (^TL s _ > » 2-nitrophenylthio group ( /^M-- S - ) , 



'N °- \ = / 

I 

O 



4-nitro-2-pyrldylthio group ( O^N — S - ) , 2-benzo- 
thiazolylthio group ( L^T^ ^~ s -). 2-benzoimi- 



dazolytthio group ( j^jjT and N-phenylamino- 



50 N'-phenyliminomethylthio group .{ // M NH-C-S-). 



65 
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In formula (II), W indicates a divalent organic group and n limit is set t its kind so long as it is an 
inactive group that exerts substantially no influence on the reaction during th process in which the 
reactive polymer of th present invention is prepared and in the succeeding reacti n processes. As for 
these groups, ther may b mentioned for instance, alkylene groups such as straight-chain 2-amino- 
5 ethanethiol residue (— CH 2 CH 2 — ) or side-chain cysteinebenzylester residue 



— CH— — 



10 (COOCH 2 — ^ ) and homocystelnbenzylester residue 



15 -CH-CHoCHo- 



(COOCh^ — y ) and phenylene groups such as 



20 



25 



35 



4-aminothiophenol residue ( 



having no substituent or having a substituent; however, an alkylene group having 1 to 4 carbon atoms is 
especially preferable. R-, is a hydrogen atom or an a Iky I group having 1 to 4 carbon atoms; however, it is 
30 preferably a hydrogen atom. 

There follows a description of the method of preparing a reactive polymer of the present invention in 
which X is a hydrogen atom or in which an active group expressed by the following formula (Il-a) is present 
at the carboxyl terminal of the main chain 



HS — W — N — ("-a) 
I 



wherein W and a, respectively have the meaning defined for formula (II). 
40 In the method a hydrophilic polymer, 60 mole % or more of whose constituent units comprise 
constituent units expressed by formula (1) and which has a group containing a disulfide linkage expressed 
by the following formula (111) in the main chain or at the carboxyl terminal of the main chain, is made to 
react with a thiol compound or boron hydride compound to reductively cieave the disulfide linkage 
contained in the polymer; 

45 R 2 — S — S — W — N — (HI) 

I 

50 wherein W and R, respectively have the meaning defined for formula (II); R 2 indicates an alkyl group, 
aralkyl group, or aryl group, when the group expressed by formula (111) is an end group of the main chain, 
and indicates a divalent group represented by 



55 



when the group expressed by formula (III) is in the main chain; in which W is a divalent organic group 
identical with or different from W and is linked with S of formula (III); RS is identical with or different from 
Rt and represents a hydrogen atom or an alkyl group having 1 to 4 carbon atoms. The reaction of the 

so hydrophilic polymer with the thiol compound is usually conducted in a homogeneous reaction system in 
which water r an organic solvent such as dimethylformamide, dimethyl sulfoxide, etc. is used as a 
reaction solvent. Suitable thiol compounds ar , for instance, dithiothreitol and 2-mercaptoethan I. Thiol 
compounds are used in an amount of 1 to 100 times the molar quantity of the disulfide linkages contained 
in the polymer. The reaction temperature should preferably be in the range of -5°C t 70°C and th reaction 

6$ time be 5 minutes to 10 days. " 
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In the case where a boron hydride compound, for instance sodium borohydride, potassium boro- 
hydride etc., is used, its reaction with the polymer is usually carried out in an aqueous s lution. 

There follows a description f the method of preparing a reactive polymer of the present invent! n in 
which X is a group which can form an S — S linkag with the adjacent sulfur atom or in which an activ 
group expressed by the following formula (ll-b) is present at the carboxyl terminal of the main chain 



X— S — W— N — 



(U-b) 



10 



75 



wherein W and R, respectively have the meaning defined for formula {ID; and X' represents a group which 
can form an S — S linkage with the adjacent sulfur atom. 

In the method, a polymer containing an active group expressed by said formula (ll-a) at the carboxyl 
terminal of the molecule obtained as mentioned above, or a polymer containing a thiol group is made to 
react with a disulfide compound. Suitable disulfide compounds include, for instance, 2-pyridyldisulfide 



20 



(T^y-. s - s — ) ' 4 -py rid y |d,8u,f ide (N^"^~ 3 - S — (^^ N ) • 



25 



30 



5, 5'-dithio-bis(2-nitrobenzotc acid) 



(O^N— S-S — N0 2 ), 4-carboxy-2-pyridyl 
COOH COOH 



35 



disulfide ( HOOC — (/ S - S — \f COOH ) , N-oxy-2- 



40 



45 



50 



pyridyldlsulfide ( [^jl c c l^j)*' 2 " nltre P han V | - 

o 



NT 

I 
0 



NOg NO^ 



disulfide ( 



^.s-s-^,, 



4-nltro-2-pyridyl- 



55 



disulfide 



(C ^ N ~C^"~ S " S ~^3~ N ° 2) ' 2 - benzothia2o, y | - 



60 



disulfide ( 



2-benzo- 



63 
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70 



15 



25 



35 



40 



45 



midazolyldisulfid ( (Tj]f jj^) >. and 



H H 




N-phenylamlno-N'- pheny I i minomethy Id i sulfide 
( (/ M NH-C-S-S-C-NH — U \\ ) 



20 The abovementioned reaction is usually conducted in a homogeneous reaction system in which water 
or an organic solvent such as dimethyfformamide, dimethyl sulfoxide, etc. is used as a reaction solvent 
The reaction can also be carried out in a reaction system comprising an admixture of an aqueous solution 
of the polymer, and the disulfide compound or its acetone or dioxane solution. It is proper to conduct the 
reaction at -5° to 70°C for 1 minute to 24 hours. 

An explanation shall be made on the hydrophilic polymer — an intermediate in the preparation of said 
reactive polymer — which has a disulfide linkage containing a group expressed by said formula (111) in the 
main chain or at the carboxyl terminal of the main chain. 

In the abovementioned formula (III), R t and R', are either a hydrogen atom or an alkyl group having 1 to • 
4 carbon atoms; however, a hydrogen atom is more preferable. R 3 is an alkyl group, aralkyl group, or aryl 
30 group, when the group expressed by formula (III) is an end group of the main chain. In this case, the hydro- 
philic polymer of the present invention can be represented as follows (provided that the constituent units of 
formula (I) is 100 mole %): 



R 2 ^^-W-N-4-COCHNH— f-H 
\ (CH^m/ n 

cooz 

wherein n indicates the number of the constituent units. R 2 is a divalent group expressed by 



when the group expressed by formula (III) is in the main chain. In this case, the hydrophilic polymer of the 
so present invention can be represented as follows (provided that the constituent units of formula (I) is 100 
mole %): 



55 H^HNHCOC-^NI^ 

60 cooz cooz 

wherein p and q respectively indicate th numb r f the c nstitu nt units. 

Th reactiv p lym r and the hydr philic polymer f the pr sent invention have a degree of 
poiym rizati n in the range of 5 to 3000, preferably 10 to 1500. When the degree of polymerization is less 
65 than 5, th amount f cytotoxic substances able to couple with the polymer is too small to make an efficient 
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reactive polymer in the preparation of antitumor drugs. If the degree of polymerization exceeds 3000, it not 
only makes the preparation process difficult but also makes the handling inconvenient in the preparation of 
antitumor drugs. 

Th afor menti ned hydrophilic polymer can be prepared according to the method mentioned below. 
5 In the method, a polymer, 60 mole % or more, preferably 80 mole % or more of whose constituent units 
comprise constituent units expressed by the undermentioned formula (V) 



— COCHNH— (V) 

jo I 

(CH 2 )m 

I 

coox 



t$ wherein X is a carboxyl-protecting group, and m is an integer 1 to 4: the polymer having a disulfide linkage- 
containing group expressed by the aforementioned formula (III) in the main chain or at the carboxyl 
terminal of the main chain, and having a degree of polymerization in the range of 5 to 3000, is decomposed 
with acid or alkali to remove the carboxyl-protecting group X; optionally followed by the formation of a salt 
with the regenerated carboxyl group and a univalent cation, as the case may require. 

20 As for the carboxyl-protecting group X, a lower alkyl group having 1 to 4 carbon atoms, benzyl groups, 
and substituted benzyl groups are preferably used, of which the methyl and benzyl groups are especially 
preferred. 

The decomposition reaction by use of acid to eliminate the carboxyl-protecting group X is desirable, 
for instance, in the case where X is a lower alkyl group, or a benzyl or substituted benzyl group. Acids to be 
25 used in the acid decomposition reaction are, for instance, hydrochloric add, hydrobromic acid, trifluoro- 
acetic acid, and methanesulfonic acid. Preferable reaction solvents are, for example, water, formic acid, 
acetic acid, and trifluoroacetic acid, and acids used in the decomposition reaction may also serve as 
solvents. 

The reaction temperature differs depending upon the kind of acid to be used; in the case of a water- 
so hydrobromic acid system, it is proper to conduct the reaction at 90 to 1 00°C, and in the case of hydrobromic 

acid-trifluoroacetic acid at 0 to 30°C The proper reaction time is in the range of 30 minutes to 100 hours. 

The reaction may be carried out either in a stream of nitrogen or by addition of anisole or the like to the 

reaction system so that side reactions may be suppressed. 

After the reaction is over, the acid and solvent are partly removed by distillation under decreased 
35 pressure and a nonreactive organic solvent such as ether, etc. is added to the residue to obtain the 

hydrophilic polymer of the present invention as a precipitate. 

The hydrophilic polymer thus obtained is, if required, made to react with an alkali such as lithium 

hydroxide, sodium hydroxide, potassium hydroxide, ammonium hydroxide, sodium carbonate, potassium 

carbonate or sodium hydro gene a rbon ate, etc. to form a salt of Its carboxyl group and a monovalent cation. 
40 The formation of a salt is effected by stirring a mixture, consisting of an aqueous solution or suspension of 

the hydrophilic polymer and said alkali in an amount 1 to 10 times the equivalent weight of the carboxyl 

group, at room or warmed or cooled temperature. Thereafter, the reaction solution is thoroughly dialyzed 

against for instance, water and then water is distilled from the dialyzate to obtain the desired hydrophilic 

polymer (carboxylate). 

45 The alkali decomposition, which is conducted to cleave the protecting group X from the carboxyl 
group, is desirably adopted when X is a lower alkyl group. Alkalis to be used in the alkali decomposition 
include, for instance, alkali metal hydroxides such as lithium hydroxide, sodium hydroxide, potassium 
hydroxide, etc or metal alcoholate such as sodium methylate, sodium ethyiate, etc. It is advisable to use 
water, alcohols, dioxane, pyridine, methylene chloride or their mixture as a reaction solvent The polymer 
so is made to react with the abovementioned alkali in a state of homogeneous solution or suspension of said 
solvent The quantity of alkali to be used may be 1 to 10 moles to 1 mole of ester group; however, in order 
to suppress the side reaction to cleave the peptide linkage of the main chain of potyglutamic acid, it is 
advisable to use about 1 to 3 moles. 

The suitable reaction temperature is 0 to 50°C and 5 to 35°C is especially preferable. The reaction time is 
55 usually in the range of 1 hour to 5 days, preferably in the range of 5 hours to 2 days. 

After the reaction is completed, the hydrophilic polymer of the present invention is obtained in the 
form of a precipitate when the reaction mixture is neutralized by addition of acid. 

Though the method of preparing a polymer which has the aforementioned constituent units (III) and (V) 
in the molecule is explained in detail in the example given later, its outline is indicated hereunder. For 
go instance, phosgene is made to react on glutamic acid benzyl ester (y-benzyl-L-glytamic acid) to give y- 
benzyl-L-glutamat N-carboxylic acid anhydride, which is then p lymerized by n-propyl 2-amin ethyl 
disulfide (CH 3 CH 2 CH 2 S— SCH 2 CH a NH 2 ) to giv a polymer which has a disulfid linkag containing gr up at 
ne end of the main chain. When said anhydride is polymerized by, for instance, cystamine 
(H 2 NCH2CH 2 SSCH 2 CH a NH a ), a polymer having a disulfide linkage containing group in the main chain is 
55 obtained. 



8 



0 040 506 



Th reaction of the reactive polym r of the present invention with a cytotoxic substance which contains 
an amin group or imin group in the m lecul gives a reactiv polymer link d to a cytotoxic substance, 
with 60 mole % or more of the total constituent units of the polymer consisting of the constituent units 
expressed by said formula (I) and the constituent units express d by said formula (IV), having an active 
group expressed by said formula (II) at the carb xyl terminal of the main chain, and having a degree of 
polymerization in the range of 5 to 3000. 

What is referred to as a cytotoxic substance in the present invention is one which directly exerts cyto- 
toxic action on the tumour cells, or one which does not exert cytotoxic action on cells directly but is 
convertible in vivo into a substance which exerts cytotoxic action on cells. These cytotoxic substances are: 



ts 




20 



P-tN.N-bista-chloroethyDlphenylenediamine, 



25 




30 



P-[bis(2-chloroethyl)amlno]L-phenylalanine(melpha!an), 



36 




40 



2-amino-N-[P-bis(2<hloroet yl)amino]phenyl-3-hydroxypropionamide f 



45 




50 




O. 



CKjOH 



55 



OH 



1-(£-D-arabinofuranosyl) cytosine or its monophosphate, 



60 



65 
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ChL — 0— P— OCH. CH NhL 
0 V i 2 2 2 2 



krNi oh 



OH 



.1 -[5'- (2 -ami noethy I phosphory I) -/3-O-arab i nof uranosy I ] cy tos I ne, 



CHgOH ^CHj-CHj-CI 

HgN-C-CONH— 0 y— N 

CH 2 OH ^ X CH 2 -CH 2 -CI 

2^mino-^P-bis(2-chloroethyl)amino]-phenyl«3-hydroxy-2- 
hy droxy methy I prop ionam ido, 

NH 9 

CH3 N-( /J-Nr^ 

HOOCtCH^gCH-NHCO-// \\— N-CHj— </_ }— N 

C0OH N 

' methotrexate, 
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CHj CHa 



actinomycin D , 

O 



Ch^OCNHg 




X ^ H , daun mycin 
X =OH, adrtamycin. 
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In the present invention, the reaction of a reactive polymer, which has 60 mole % or more of 
constituent units xpressed by formula (I) in the m lecule and contains an activ group express d by 
formula (II) at the carboxyt terminal of th main chain, with a cytotoxic substance which c ntains an amino 
group or imin group in th molecule, is usually carried out in a homogene us reaction system in which 

5 water or an organic solvent such as dimethylformamide or dimethyl sulfoxide is used as a reaction solvent 
In the reaction, the carboxyl group contained in the polymer may be activated by, for instance, 1-ethyl-3-(3- 
dimethyiaminopropyl) carbodiimide hydrochloride or dicyclohexyl carbodiimide, or the carboxyl group 
may be activated in the form of a mixed acid anhydride. The reaction may be conducted at -40 to 1 00°C for 
10 minutes to 10 days, it is advisable to fix the ratio between the polymer and the cytotoxic substance in the 

jo reaction in such a way as to have a cytotoxic substance corresponding to 5 to 200% of — COOZ group 

rrmtainoW Tn tha nntumar 

, _ ... „..,, f .w. . 

Such a reactive polymer coupled to a cytotoxic substance can also be obtained by allowing a hydro- 
philic polymer, or an intermediate in the process of preparing the reactive polymer, in which 60'mole % or 
more of its constituent units are constituent units expressed by said formula (1) and in which a disulfide 

js linkage containing group expressed by said formula (111) is present in the main chain or at the carboxyl 
terminal of the main chain, to react with a cytotoxic substance which contains~an amino group or an imino 
group in the molecule under the same reaction conditions as mentioned above. The first of such methods is 
one in which the hydrophilic polymer is made to react with the cytotoxic substance, the reaction product is 
further made to react with a thiol compound or boron hydride compound, and then the disulfide linkage in 

20 the reaction product thus obtained is cleaved off by reduction. This process gives a polymer which has an 
active group (thiol group) expressed by the aforementioned formula (ll-a) at the carboxyl terminal of the 
main chain. The reaction to cleave the disulfide linkage by use of thiol compound is usually conducted in a 
homogeneous reaction system in which water or an organic solvent such dimethylformamide or dimethyl 
sulfoxide is used as a reaction solvent Suitable thiol compounds include, for instance, dithiothrertol and 2- 

25 mercaptoethanol. The thiol compound is used in an amount of 1 to 100 times the disulfide linkage of the 
polymer in molar quantity. It is desirable to conduct the reaction at -5 to 70°C for 5 minutes to 10 days. In 
the case where a boron hydride compound, such as sodium borohydride, potassium borohydride or 
calcium borohydride, is used, the reaction with the polymer is usually conducted in an aqueous solution 
thereof. 

30 The second of the methods is one in which the polymer obtained according to the first method and 
' having a thiol group atthe carboxyl terminal of the main chain, is made to react with a disulfide compound. 
The disulfide compounds and the reaction conditions are the same as those which are adopted for the 
preparation of the reactive polymer of the present invention. By this method, a polymer having an active 
group (active disulfide group) expressed by said formula (ll-b) at the carboxyl terminal of the main chain is 

35 produced. 

Since the reactive polymer coupled to a cytotoxic substance obtained in the present invention has a 
highly active thiol group or an active disulfide linkage in the molecule, the reactivity of such group or 
linkage and the reactivity of a thiol group, active disulfide group, or S-sulfo group contained in the anti- 
tumor immunoglobulin are profitably employed to link them together, thus providing an anti-tumor drug 
40 which has a toxic subunit (cytotoxic substance) comprising a reactive polymer linked to a cytotoxic 
substance. 

Some methods of preparing such antitumor drugs are given below: 

(1 ) An antitumor immunoglobulin is treated with pepsin to give a dimer of Fab'. The disulfide linkage at 
the hinge part of this dimer of Fab' is cleaved reductively by use of, for instance, a thiol reagent to obtain 

45 Fab' which has a thiol group in the molecule. Fab' having a thiol group thus obtained is made to react with 
the reactive polymer of the present invention having an active disulfide linkage to obtain the desired anti- 
tumor drug. 

(2) The disulfide linkage at the hinge part of said dimer of Fab' is decomposed by sulfonatton with the use 
of, for instance, sulfite ion to obtain Fab' which has an S-sulfo group ( — S — SOf ) in the molecule. The 

so obtained Fab' having an S-sulfo group is then made to react with the reactive polymer of the present 
invention having a thiol group to give the desired antitumor drug. 

(3) A functional group which is able to react with a thiol group is introduced into an antitumor immuno- 
globulin beforehand. Then this modified immunoglobulin is allowed to react with the reactive polymer of 
the present invention having a thiol group to obtain the desired antitumor drug. Embodiments include the 

55 following instance: 



O 



60 
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is mads to bind to an amino group of the immunoglobulin. Then a t rminal thiol group of the reactive 
p lymer of the present invention is allowed to react with thus introduced maleoyl group to obtain the 
d sired antitumor drug. 

The antitumor drug thus prepared is expected to bind to tumor cells s lectively and exert toxic action 
against tumor cells. 

The reactive polymer bound to a cytotoxic substance of the present invention can also be utilized for 
preparing a targetable drug which destroys lymphocyte, when it is bound to an anti-lymphocyte antibody 
rather than an antitumor antibody. 

The following examples are presented to further illustrate the present invention. 



Example 1 

(1) Preparation of y-benzyl-L-glutamate-N-carboxylic acid anhydride: 

A dispersion was prepared by adding 10.0 g of y-benzyl-L-glutamic acid to 120 ml of tetrahydrofuran 
anhydride. Apart from this, phosgene was generated by dropping 20 ml of trichlorom ethyl chloroformate 

j s little by little onto 10.0 g of carbon black in an atmosphere of nitrogen for the duration of 70 minutes. 
Generated phosgene was sent into the dispersion of y-benzyl-L-glutamic acid in an atmosphere of nitrogen. 
After 70 minutes the dispersion turned to a pale yellow-colored transparent solution and the introduction of 
phosgene.was stopped. After that, nitrogen was sent into the system to eliminate phosgene. The solvent 
was removed from the obtained transparent solution by distillation in a stream of nitrogen under reduced 

20 pressure (140 mm Hg, 27°C). 

The residue was dissolved in 150 ml of n-hexane. The solution was then stirred on an ice bath for 5 
minutes to give a white solid precipitate. This solid substance was refined by being precipitated twice in the 
system of ethyl acetatenvhexane (anhydrous) in an atmosphere of nitrogen. The refined substance was 
then filtered with suction and dried under reduced pressure to give 7.75 g of y-benzyi-L-glutamate N- 

25 carboxylic acid anhydride (having the following structural formula) as a white solid 

O 

8 ; 

r% 

35 CHg 

COOCHg -^""^ *r 

40 This had a melting point of 94.0 to 94.5°C (decomposition) and its yield was 69,8%. *^ 

(2) Preparation of poly-L-glutamate {hydrophilic polymer): 

7.75 g of y-benzyl-L-glutamate N-carboxylic acid anhydride was dissolved in 185 ml of 1,4-dioxane with 
stirring in an atmosphere of nitrogen. An admixture, which consists of thus obtained solution and a 
solution prepared by dissolving 95 mg of cystamine (H 2 NCH 2 CH a SSCH 2 CH 2 NH2) in 10 ml of dioxane, was 

45 subjected to the polymerizing reaction at room temperature in an atmosphere of nitrogen with stirring for 
24 hours. After the reaction was over, the reaction mixture was added to 4 1 of isopropyl ether while stirring 
and the formed polymer was allowed to precipitate. The precipitated white polymer was collected by 
filtration and dried under reduced pressure to give 6.19 g of the desired polymer in a 95.9% yield. 

The average molecular weight of the obtained polymer measured by the viscosity method (dichloro- 

so acetic acid, 25.0°C) was 47,300 {Refer to P. Doty et al, Journal of American Chemical Society, Vol. 78, p.947, 
1956). It was reasonably presumed from the starting material, initiator and reaction mechanism that it 
mainly comprised poly-v-benzyl^-glutamate represented by the formula mentioned below. It was also 
confirmed by infrared absorption spectrum. 

55 H+HNHCCX;^^ 



60 



Molecular weight: 47,300 
65 * n +p+n'+p'= 216 
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3.11 g of poly-y-b nzyl-L-glutamate obtained in the above was diss Ived in a mixture of 25.0 ml of 
trifluoroacetic acid and 4.5 ml of anisoie. 25.0 ml of methanesulfonic acid was then added thus prepared 
solution and was stirred in an atmosphere of nitrogen on an ice bath for 20 minutes. The solution was 
further stirred at ro m temp rature for 30 minutes to carry out th acid decomp sition reaction of y-benzyl 

5 ester. After the reaction was over, the reaction mixture was added t 450 ml of isopropyl ether with stirring 
to make the polymer precipitate. The precipitated white polymer was collected by filtration with suction 
and suspended in 50 ml of water. About 60 ml of saturated aqueous solution of sodium bicarbonate was 
added to the suspension to conduct the neutralization reaction of the carboxyl group at room temperature 
with stirring for 30 minutes. The obtained reaction solution was dialyzed against pure water at 4°C for 3 

ro days on a cellulose tube and was then lyophilized to give 1.91 g of white solid substance. When the 
obtained solid was examined by infrared absorption spectrum, it was confirmed that there was no 

au9Ui)JUUil ui ueiiiyi oatoi oiiu mat uio mhuua/i giuup «iaa iuihcu mw mo ovuiuin oau. 1 119 yiciu ui pviy-u- 

glutamate as the sodium salt was 9.3%. 

Its average molecular weight measured according to the viscosity method (solution of common salt in 
is phosphoric acid buffer; ionic strength, 0.11 and 1.10; 25.5°C) was 29,200 (Refer to R.B. Hawkins et al ( 
Macromolecuies, Vol. 5, p.294, 1972). The obtained polymer mainly comprises the sodium salt of poly-L- 
glutarnate represented by the following formula 

NH(CH 2 ) a S— S(CH 2 ) a NH-fC0CHNH4-H^p-H 

CH a 

i 

I 

COONa 

Molecular weight: 29,200 
(n+p+n'+p' = 193) 

30 The above shows a hydrophilic polymer in which m = 2andZ = Na* in formula (I) and W=W « — (CH 2 ) 2 — 
and = R,' » H in formula (III). 

Example 2 

5.50 g of Y-benzyl-L-glutamate N-carboxylic add anhydride obtained in Example 1, (1) was dissolved in 

35 150 ml of 1,4-dioxane in an atmosphere of nitrogen with stirring. A solution obtained by dissolving 142 mg 
of n-propyl 2-aminoethyldisulfide (CH 3 CH 2 CH a SSCH 2 CH 2 NH 2 ) in 10 ml of dioxane was added to the above- 
mentioned solution. The mixed solution was then subjected to the polymerization reaction in an 
atmosphere of nitrogen at room temperature for 40 hours with stirring. After the reaction was over, the 
reaction mixture was added to 4 1 of isopropyl ether with stirring and the formed polymer was precipitated. 

40 The precipitate was collected by filtration and dried under reduced pressure to give a 4.41 g of the desired 
polymer in a 96.3% yield. 

4.00 g of the obtained polymer was then dissolved in a mixture consisting of 35 ml of tnfluoroacetic 
acid and 5.0 ml of anisoie. 35 ml of methanesulfonic acid was added to the solution and the mixture was 
stirred in an atmosphere, firstly while being cooled with ice for 30 minutes and then at room temperature 

45 for another 30 minutes to carry out the acid decomposition of Y-benzyl ester. After the reaction was over, 
the reaction mixture was added to 540 ml of isopropyl ether with stirring to precipitate the polymer. The 
polymer was then collected by filtration. The collected polymer was dissolved in 100 ml of a 5% aqueous 
solution of sodium bicarbonate to neutralize the carboxyl group. The reaction solution was dialyzed against 
pure water at 4°C for 3 days on a cellulose tube. When the obtained solution was lyophilized 2.33 g of 

so sodium poly-L-glutamate (yield 77.4%) was obtained as a hygroscopic curdy solid. It was found from 
infrared absorption spectrum inspection of the obtained polymer that there was no absorption of benzyl 
ester and that the carboxyl group was turned into the sodium salt The average molecular weight measured 
according to the same method as mentioned above was 16,700. The obtained polymer consists mainly of 
the sodium salt of poly-L-glutamate represented by the following formula 

CH3CH 2 CHr-S-S^H 2 CH 2 NH4CO-^H--NH4- n ^pH 

CH 2 



COONa 

Moi cular weight: 16,700 
(n+p=*110> 



20 



H-fHNHCOC4- n -^- 

I 

CH a 

I 

CH a 

I 

25 COONa 
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This shows a hydr philic polymer in which m = 2 and Z = Na* in formula (I) and W = 
and R 2 = — (CH 2 ) 2 CH 3 in formula (III). 



-(CH 2 )r-, R, = H, 



10 



is 



Example 3 

10.0 g of Y-b nzyl-L-glutamate N-carboxylic acid anhydride obtain d according to Example 1, (1) and 
0.23 g of L-alanine N-carboxylic acid anhydride were put in 280 ml of 1,4-dioxane in an atmosphere of 
nitrogen and stirred to have them dissolved. A solution prepared by dissolving 198 mg of 4-aminophenyl 
disulfide in 10 ml of dioxane was added to the solution obtained in the above and was mixed. The mixture 
was stirred in an atmosphere of nitrogen at room temperature for 24 hours to carry out the polymerization 
reaction. After the reaction was over, the reaction mixture was put in 4 1 of isopropyl ether while stirring to 
obtain a polymer as a precipitate. The precipitated polymer was filtered off and dried under reduced 
pressure to give 8.21 g of the polymer. The yield was 97%. It was reasonably presumed from the starting 
material, initiator and reaction mechanism that the obtained polymer was an undermentioned copolymer 
of y-benzyl-L-glutamate and L-alanine. This was also confirmed by infrared absorption spectrum. 



H-fNHCHCCH- 



20 



25 



CH 3 



-f-HNCHCO-*- 
CH2 



H-NH- 




S -3 




5^ 



NH-fCOCHN! 

i 



n + p 



OCHNH- 



CH 0 



COOCHg 



6 



I 

COOCHL 

6 



30 



n + p n+p 



95 



35 



40 



45 



4.0 g of thus obtained copolymer was dissolved in a mixture of 30 ml of trhfluoroacetic acid and 5.0 ml 
of anisole. 30 ml of methanesulfonic acid was added to the prepared solution and stirred on an ice bath for 
20 minutes. The stirring was further continued at room temperature for 30 minutes to carry out the acid' 
decomposition of Y-benzyl ester. After the reaction is over, the reaction mixture was added to 600 ml of 
isopropyl ether with stirring to precipitate a polymer. The precipitated white polymer was filtered off with^ 
suction and was then suspended in 65 ml of water. About 80 ml of water saturated with sodium bicarbonate 
was added thereto and mixed. The mixture was stirred at room temperature for 30 minutes to effect the 
neutralization of the carboxyl group to make a homogeneous solution. The obtained solution was diaiyzed 
at 4°C for 3 days against pure water on a cellulose tube and then lyophtlized to give 2.45 g of a white solid. 
When this solid was examined by infrared absorption spectrum, it was confirmed that there was no 
absorption of benzyl ester and that the carboxyl group was turned to sodium salt The yield of polymer as 
the sodium salt was 88%. The obtained polymer consists mainly of the sodium salt of the polymer of L- 
glutamate and L-alanine expressed by the following formula 



so CH 3 



55 



CHj 

COONa COONa 
q q' 5 

n + p n*+p' 95 



COCHNH 



CR, 



50 This shows a hydrophilic polymer in which 



m s 2 and Z = Na In formula ( I ) and W W 



65 



and R 



1 



H in formula (III) . 
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Example 4 

This example shows an instance from several methods of preparing a reactive polymer which has a 
thiol group at the terminal of the m I cul . 

292 mg (10 u mol ) 0 f sodium salt of poly-L-glutamate having a disulfide linkage in the main chain 
5 obtained in Exampl 1, (2) was dissolv d in 10 ml of 0.1 M tris-hydrochloric acid-1mM EDTA s lution (pH 
8.50), to which 78 mg {1 m mole) of 2-mercaptoethanol was added. The obtained solution was heated and 
stirred in an atmosphere of nitrogen at 50°C for 3 hours (whereby the disulfide linkage was cleaved). The 
reaction solution was then titrated to pH 2.0 with 1N hydrochloric acid and the resulting precipitate was 
separated by centrifugation. The precipitate was dissolved in about 25 ml of 0.1 N caustic soda solution, to 
to which 1 N hydrochloric acid was added to adjust the pH to 7.0. A dispersion prepared by dispersing 30 ml in 
wet volume of activated thiopropy! sepharose 6B resin in 40 ml of 0.1 M sodium phosphate — 1 mM EDTA 
solution (pH 7,0) was added to the above solution. The mixture was stirred slowlv in an atmosohere of 
nitrogen for 12 hours to make the polymer, which has an SH group at the terminal of the molecule, to be 
held by adsorption on the resin. The resin was then filtered off and washed with 300 ml of 0.01 M sodium 
is phosphate — 1 mM EDTA solution (pH 7.0). 

Thereafter, the resin was dispersed in 100 ml of 0.1 M tris-hydrochioric acid — ImM EDTA solution (pH 
8.5). 1.4 g of 2-mercaptoethanol was added to the dispersion and the mixture was stirred slowly in an 
atmosphere of nitrogen for 12 hours to regenerate a polymer having an SH group at the terminal of the 
molecule. Then the resin was collected by filtration and washed with 1 50 ml of 0.01 M tris hydrochloric acid . 
20 — 1mM EDTA solution (pH 8.0). A mixture of the filtrate and the washings was titrated to pH 2 with 1N 
hydrochloric acid on an ice bath and the obtained precipitate was isolated by centrifugation. 

The precipitate thus obtained is a reactive polymer which has a thiol group at the terminal of the 
molecule. This is the reactive polymer in which 2 » Na* and m = 2 in formula (I) and W = — (CH a ) a ~ and 
R t » H in formula (ll-a). 

25 

Example 5 

(1) Preparation of a reactive polymer having an active disulfide linkage at the terminal of the 
molecule: 

The reactive polymer having a thiol group at the terminal of the molecule obtained in the Example 4 
30 was dissolved in about 25 ml of 0.1 N caustic soda solution, to which 1N hydrochloric acid was added to 
adjust the pH value to 8.0. A solution prepared by dissolving 79 mg of 5,5'-dithio-bis(2-nitroben2oic acid) 
(DTNB) in 5 ml of 0.1 M sodium phosphate — ImM EDTA solution was added to the above solution and the 
mixture was stirred for 30 minutes (whereby the SH group at the terminal of the molecule formed an active 
disulfide linkage). 

3S The obtained reaction solution was placed in a permeable cellophane tube to be dialyzed against 0.9% 
saline solution at 4°C for 24 hours and further against pure water for 24 hours. Thereafter, the dialyzate was 
lyophilized to give 181 mg of the desired sodium salt of polyglutamic acid (reactive polymer) in the form of 
a curdy solid having the terminal of the molecule activated with TNB 

40 

(3-carboxy-4-nitrophenylthio group O2N- 



rooH 



The yield was 62%. 

(2) Determination of molecular weight of a reactive polymer having an active disulfide linkage at the 

so terminal of the molecule: 

10.02 mg of the reactive polymer obtained in the preceding (1) was weighed accurately and dissolved 
in 3.0 ml of 0.1 M trie-hydrochloric acid — 1mM of EDTA solution (pH 8.0), to which about 0.1 mg of solid 
dithiothreitol was added and stirred. Ten minutes later, the quantity of the end groups of the reactive 
polymer was determined by measuring the absorption Intensity of the liberated TNB anions at 412 nm to be 

55 0.794 m mole. Therefore, the molecular weight of the obtained reactive polymer is 

10.02 x 10' 3 

=12,500 

0.794 x 10' 6 

60 

and the number of units of the constituent glutamic acid is 

12,600 
= 83. 

55 151 
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Example 6 

This example shows an instance of method for preparing a reactive polymer having a thiol group at the 
terminal of th molecule. 

100 mg (6.00 u mole) of sodium salt of poiy-L-glutamate having a disulfide linkage containing group at 
5 th carboxyl terminal of the main chain was dissolved in 5 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA 
solution (pH 8.0), to which 9.24 mg (60 u mole) of dithiothreitol was added. The obtained solution was 
stirred in an atmosphere of nitrogen at 50°C for 3 hours. Then the pH value of the solution was lowered to 
2.0 by adding 1N hydrochloric acid while cooling with ice and the settled precipitate was isolated by 
centrifugation. The obtained precipitate was dissolved in about 10 ml of 0.1 N NaOH, to which 1 N 
to . hydrochloric acid was added to raise the pH to 7.0. A dispersion prepared by dispersing 9 ml in wet volume 
of activated thiopropyl sepharose 6B resin in 12 ml of 0.1 M sodium phosphate — 1 mM EDTA solution (pH 
7.0) was added to the solution prepared above. The mixture was stirred in an atmosphere of nitrogen for 1 2 
hours. Then the resin was filtrated off and washed with 200 ml of 0.01 M sodium phosphate — 1 mM EDTA 
solution (pH 7.0). 

is The resin was dispersed in 50 ml of 0.1 M tris* hydrochloric acid — 1 mM EDTA solution (pH: 8.5), to 
which 139 mg of dithiothreitol was added. The mixture was stirred slowly in an atmosphere of nitrogen for 
12 hours. Thereafter, the resin was filtrated off and washed with 70 ml of 0.01 M tris-hydrochloric acid — 1 
mM EDTA solution (pH 8.0). The filtrate and the washings were mixed, to which 1N hydrochloric acid was 
added to lower the pH to 2.0 and the developed precipitate was isolated by centrifugation. 

20 The obtained precipitate is a reactive polymer which has a thiol group at the terminal of the molecule. 



Example 7 

(1) Preparation of a reactive polymer having an active disulfide linkage at the terminal of the molecule: 
The precipitate obtained in Example 6 was dissolved in 10 ml of 0.1 N caustic soda solution, to which 

25 1N hydrochloric acid was added to adjust the pH to 7.0. A solution prepared by dissolving 26.4 mg of 2- 
pyridyldisulfide in 4 ml of ethanol to the above solution and was stirred for 30 minutes. The obtained 
reaction solution was placed in a permeable cellophane tube and dialyzed at 4°C against 30% ethanol for 24 
hours and against pure water for another 24 hours. Then the dialyzate was freeze-dried to give 56 mg of the >5V 
desired sodium salt of polyglutamic acid (reactive polymer) in the form of a curdy solid having the terminal \]~ 

30 of the molecule activated with 2-pyridylthio group. ~ 

( U 7— S-). The yield was 56%. 
35 \=N 

(2) Determination of molecular weight of a reactive polymer having an active disulfide linkage at the 
terminal of the molecule: 

9.53 mg of the reactive polymer obtained in the preceding (1) was weighed accurately and dissolved in 
to 3.00 ml of 0.1 M sodium phosphate — 1 mM EDTA solution (pH 7.0), to which about 0.1 mg of solid 
dithiothreitol was added and stirred. Ten minutes later, the quantity of the end groups of the reactive 
polymer was determined by measuring the absorption intensity of the liberated 2-pyridylthio anions at 343 
nm to be 0.561 \i mole. 

Therefore, the molecular weight of the obtained reactive polymer is 



45 



55 



9.53 x 10" 3 

17,000 



0.561 x 10-* 

50 and the number of units of the constituent glutamic acid is 

17,000 



151 



113. 



Example 8 

This example shows an instance of method for preparing a reactive polymer having a thiol group at the 
terminal of the molecule. 

100 mg of a hydrophilic polymer (a sodium salt of the copolymer of L-glutamic acid and L-alanine) 
60 having a disulfide linkage in the main chain was dissolved in 5 ml of 0.1 M tris-hydrochloric acid — 1 mM 
EDTA solution (pH 8.5). 10.0 mg of dithiothreitol was added thereto and the obtained solution was stirred in 
a heating bath at 50°C for 3 hours in an atmosphere f nitr g n. The reacti n solution th n had its pH 
lowered t 2.0 by adding t N hydrochloric acid while c oling with ice. The d v lop d precipitat was 
isolat d by centrifugation. The obtained precipitate was dissolved in 10.0 ml f 0.1 N s dium carbonate 
65 solution and the pH was raised t 7,0 by adding 1 N hydrochloric acid thereto. A disp rsion prepared by 
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dispersing 10 ml in wet volume of activated thiopropyl sepharos 6B resin in 13 ml of 0.1 M sodium 
phosphate — 1 mM EDTA solution (pH 7.0) was added to the above solution and was stirr d in an 
atmosphere f nitrog n for 12 hours. The resin was then filtrated off and was washed with 200 ml of 0.01 M 
sodium phosphate — 1 mM EDTA solution {pH 7.0). 

5 Thereafter, the resin was dispersed in 50 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH 
8.5), to which 150 mg of dithiothreitol was added, and was stirred slowly in an atmosphere of nitrogen for 
12 hours. The resin was then collected by filtration and washed with 100 ml of 0.01 M tris*hydrochloric acid 
— 1 mM EDTA solution (pH 8.0). The mixture of the filtrate and the washings had its pH lowered to 2.0 by 
adding 1 N hydrochloric acid on an ice bath. The developed precipitate was isolated by centrifugation. 

io The obtained precipitate is a reactive polymer which has a thiol group at the terminal of the molecule. 

Example 9 

(1) Preparation of a reactive polymer having an active disulfide linkage at the terminal of the molecule: 
The precipitate obtained in Example 8 was dissolved in 10 ml of 0.1 N caustic soda solution and the pH 

15 value of the solution was adjusted to 7.7 by adding 1 N hydrochloric add. A solution prepared by dissolving 
17 mg of 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) in 20 ml of acetone was added thereto and the mixture 
was stirred for 30 minutes. The obtained reaction solution was placed in a permeable cellophane tube and 
was diatyzed against 0.9% saline solution at 4°C for 24 hours and against pure water for another 24 hours. 
The diaiyzate was then lyophilized to give 51 mg of the desired sodium salt of a copolymer of L-glutamic 

20 acid and L-alanine (reactive, polymer) in the form of a curdy solid having the terminal of the molecule 
activated with TNB. The yield was 51 %. 

(2) Determination of molecular weight of a reactive polymer having an active disulfide linkage at the 
terminal of the molecule: 

The reactive polymer obtained in the preceding (1) was weighed 10.16 mg accurately and dissolved in 
2$ 3.0 ml of 0.1 M sodium phosphate — 1 mM EDTA solution (pH 7.0), to which about 0.1 mg of solid 
dithiothreitol was added and stirred. Ten minutes later, the quantity of the end groups of the reactive 
polymer was determined to be 1.026 u mole by measuring the absorption Intensity of the liberated TNB 
anions at 412 nm. Therefore, the molecular weight of the obtained reactive polymer is 

30 10.16 x10~ 3 

H 9,900 

1.026 x 10'* 



and since the ratio of the glutamic acid units and alanine units is 95:5, the respective constituent units are 

35 

9300 

— x= 0.95 = 64 

151 x 0.95 + 71 x 0.05 

40 and 

9300 

x- 0.05 = 3.4 



151 x 0.95 + 71 x 0.05 



45 Example 10 

(1) Preparation of a reactive polymer bound with mitomycin C: 

50 mg of the reactive polymer (molecular weight, 12,600, number of units of glutamic acid, 83) having a 
3-carboxy-4-nitrophenyl-2-aminoethyldisulfide residue prepared in Example 5, (1) and 55.5 mg (0.166 m 
mole) of mitomycin C were dissolved in 1 0 ml of 0.1 M sodium phosphate buffer (pH 7.0). 1 26 mg of 1-ethyl- 

50 3-{3-dimethylaminopropyl)carbodiimide was dissolved in the above solution and was stirred at room 
temperature overnight Then 54 mg of sodium acetate was added to the reaction system and was stirred for 
half an hour to complete the reaction. The reaction solution was fractionated by chromatography on 
Sephadex G — 25 (fine) column (1.4 x 80 cm) in 0.02 M sodium phosphate to obtain 7.5 ml — fractions. Each 
fraction had its absorbance measured at 360 nm to detect those fractions containing the reactive polymer- 

55 mitomycin C conjugates. The corresponding fractions were combined and was dialyzed against water at 
4°C for 2 days. The diaiyzate was distilled under reduced pressure to have its volume reduced to 3.0 ml, to 
which 1.0 ml of 0.1 M sodium phosphate— 1 mM EDTA solution (pH 7.0) was added to make a total of 4.0 
ml. 

50.0 u! of thus obtained solution of the reaction polymer-mitomycin C conjugates {The object matter of 
so th present inv ntion) was added to 2.0 ml f a buffer (pH 8.0) and its UV absorpti n sp ctrum was 
measured. The absorption max arising from the residue of mitomycin C was observed at 360 nm to assure 
that th bject matter of the present inv ntion was formed. 

(2) Determination of mitomycin C in the reaction polymer-mitomycin C conjugate: 

Th quantity of mitomycin C residu contained in the solution (4.0 ml) of the reactive polym r- 
55 mitomycin C conjugate obtained in the preceding (1) was 0.081 m mole when det rmin d by c nveniently 
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setting the molecular absorbancy'ind x of the mit mycin C residue at c 360 nm = 23,000 (Refer to J.S. 
Webb et al., th J.A.C.S., Vol. 84, p.3185, 1962). 

On the other hand, the numb r of moles of the reactiv polymer was determmed to be 2.69 u moles 
from the quantity of the end groups of the reactive p lymer measured from the absorption max (41 2 nm, 
s e = 13 600) of the 5-thi -2-nitrobenzoic acid ani ns which were generated by adding a large excess of 
dithiothreitol to a certain amount of solution of the reactive polymer-mitomycin C conjugate Jherefore, the 
number of mitomycin C bound to one molecule of the reactive polymer is calculated to be 0.081 x 10 / 
2.69 x 10~ 6 = 30.1. 

t0 Example 11 

(1) Preparation of a reactive polymer linked with 5'-(2-aminoethylphosphoryl)-1-(B-D-arabinofuranosyl) 

"^a! mg of VethylS^ethylaminopropyl) carbodiimide hydrochloric acid salt was dissolved in a 
mixture consisting of a solution obtained by dissolving 6.04 mg of the reactive polymer (molecular weight 
™ tfSSS unSs, about 113) having the 2-pyridy. ^aminoethyldisufflde residue £ the ' ^ °h 
th4 molfcule obtained in the aforementioned Example 7 in 1 0 ml of 0.1 M sodium Phosphate buffer (pH 
7 5) and a solution obtained by dissolving 7.16 mg of 5 -tt-ammoethy ^P^ s P ho ^J^S^ 
furanosvl) cvtosine (hereinafter referred to as Ara CMP derivative) in 1 .0 ml of the same buffer. The mixed 
^^ISP^SS^Smrnm for 12 hours. Then 9.84 mg (0.12 m mole) of sodium acetate was 
added to the reaction system and was further stirred for half an hour to complete the reactton. The obtained 
JeactioS^ 

ta 0 KKM Sum phosphate- 1 mM EDTA solution (pH 6.9) and the eluate was coltected in 3 mi-fractions. 
Each fracticS SdlS ° absorbance determined at 273 nm to detect the fractions which contained reactive 
poSmerSS CMP derivative conjugate, which fractions were then collected and put ,n ,n a ,pmmm ble 
cellophane tube to be dialyzed against pure water at 4»C for 48 Ihoura The d.alyzate was concentrated to 1 ^ 
ml by distillation under reduced pressure, to which 0.5 ml of 0.1 M sodium phosphate - 1 mM EDTA 

""sTo? of V SuVo?i?ned°sSution of the reactive polymer-Ara CMP conjugate (the object matter of the 
oresent invention) was added to 2.0 ml of water. When the ultraviolet absorption spectrum was measured 
wirth!s m?S, the maximal absorption due to the cytosine group of, the Ara CMP was observed at 273 
nm and it was confirmed that the object matter of the present invention was formed. 
3T Determination of Ara CMP contained in the reactive polymer-Ara CMP S^^Z^mer-Ara 
The quantity of the Ara CMP residues contained in the solution (2.0 ml) of the reactive PoHmer-An 
CMP conjugate obtained in the preceding (1) was 9.79 u moles when determined by conveniently setting 
^tS^tSS^lnM *e Ara CMP residue at z 273 nm = 9.000 (Refer to The Merck Index, 9th , 

9d " Trfe 7 number of moles of the reactive polymer was determined to be 0.291 u mole of 
the end groups of the reactive polymer measured from the maximal absorption (343 nm, e - 7,000) of z 
Sfopyrido^resulting from the addition of a large excess of dithiothreitol to a certain amount of solufon of 

40 th0r £m*e^ 

calculated to be 9.79 x 10 - V0.291 x 10"* = 33.6. 

Example 12 . 
46 (1) Preparation of a reactive polymer linked with P-{N,N'-bis(2-chloroethyl)] phenylened.amine <™M>: 
100 mg of ^ reactive po^mer (molecular weight 9.900; glutamic acid units, 64; alanine , units. J,4) 
havingY^r^^ 

SvStt was IvoDhmzed to give 111.0 mg of desired curdy solid of the reactive polymer-PDM con ugate. 

sSnl Xa ; attained reactive polymer-PDM conjugate was weighed accurately and dissolved in 
10 0 mToTo.05 M tns-HO solution ( P H 8.0). When its ultraviolet absorption 

maximarabsSption due to the PDM residue was observed at 275 nm and it was confirmed that the ob,ect 
matter of the present invention was formed. 

(2) Determination of PDM in the reactive polymer-PDM conjugate: „ w , mar phm mninnpt- 

The quantity of the PDM residues contained in 111.0 mg of the reactive PO^r-PDM ™nm*e 
obtained in the preceding (1) was 60.2 „ moles when deter^ 

absorbancy index of the PDM residue at e 275 nm = 1UN ^^^^^^^^ quantity of 
The number of m lesofth reactive p lymer was det rm.ned to A ™ n f ^ t r i ^ 0 )of 5- 

the end groups of the reactive polymer measured from the maximal absjt »o«JJ« Jjy - 1 3,60C of j 
thio-2-nitrobenzoic acid anions r suiting from th addition of a larg excess of dithi thrertoit aso.ux.ono 
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a certain amount of the reactive polymer-PDM conjugate. Accordingly, the numb r of PDM bound to one 
molecule of the reactiv polym r is calculated t be 60.2 x 10~ e /9.81 x 10~ 6 = 6.1. 

Example 13 

5 (1) Preparation of a reactive polymer linked with Mp-D-arabinofuranosyl) cytosine: 

200 mg of the reactive polymer (Na salt) (molecular weight 12,600; glutamic acid unit 83) having the 3- 
carboxy-4-nitrophenyl 2-aminoethyldisuifide residues obtained in Example 5 was dissolved in 4.0 ml of 
water. The solution had its pH adjusted to 4.0 by adding 1 N HCI dropwise on an ice-bath. The developed 
precipitate was filtrated off, washed with 0.001 N hydrochloric acid, and dried under vacuum to give 1 51 mg 

io of a white solid of poly-L-glutamic acid. 

100 mg of thus obtained reactive polymer having free carboxylic acid was dissolved in 10 ml of 
di~ietiYy!form amide. After the solution was cooled to -7X, 106 mg of isobuiyi chioroformate and 78 mg of 
triethylamine was added thereto and stirred for 1 hour to make the carboxyl groups of poly-L-glutamic acid 
into the form of a mixed acid anhydride. Then a solution prepared by dissolving 188 mg of 1-((J-D-arabino- 

ts furanosyl) cytosine in 10 ml of dimethylformamide was added to the reaction liquid, to which 78 mg of 
triethylamine was further added. The reaction was conducted in an atmosphere of nitrogen at -7°C for 30 
minutes, at 0°C for 4 hours, at 4°C for 3 days and at room temperature for 4 hours to allow poly-L-glutamic 
acid to link with Ara C. After the reaction was completed, the reaction solution was added to 30 ml of 1 N- 
sodium phosphate buffer (pH 8.0) on an ice bath. The mixed solution was dialyzed on a cellophane 

20 membrane at 4°C against 3% salt solution for 2 days and against pure water for another 2 days. The volume 
of the dialyzate was reduced to about 10 ml by distillation under reduced pressure. The diah/zate was then 
freeze-dried to have the solvent removed and 145 mg of a reactive polymer linked with Ara C was obtained 
in the form of a curdy solid. 

1.12 mg of thus obtained reactive polymer-Ara C conjugate was weighed accurately and dissolved in 

25 5.00 ml of 0.1 M tris-HCM mM EDTA solution (pH 8.0). When its ultraviolet absorption spectrum was 
measured, the absorption max was observed at 300 nm, 247 nm and 216 nm, from which it was made clear 
that the N 4 -position (amino group of Ara C formed the amide linkage with the carboxyl group of the 
glutamic acid unit (Refer to M. Akiyama et al., Chem. Pharm. Bull., Vol. 26, p.981, 1978). 
(2) Determination of Ara C in the reactive polymer-Ara C conjugate: 

30 The quantity of the Ara C residues contained in 145 mg of the above conjugate was 145 \i moles when 
determined by conveniently setting the molecular absorbancy index of the maximal absorption at 300 nm 
as 8,000 (Refer to the literature mentioned in the preceding paragraph). Then the number of moles of the 
reactive polymer was determined to be 6.61 u moles from the quantity of the end groups contained in the 
reactive polymer calculated from the maximal absorption (412 nm, e =» 13,600) of 5-thio-2-nitrobenzoic acid 

35 anions liberated by reductively cleaving the terminal active disulfide by addition of a large excess of 
dithiothreitol to a solution of a certain amount of the conjugate. Accordingly, the number of Ara C bound to 
one molecule of the reactive polymer is calculated to be 145 x 10~ fl /6.61 x 10" e = 21.9. 

Example 14 

40 (1) Preparation of a reactive polymer linked with daunomycin: 

A reactive polymer (molecular weight 17,000; glutamic acid units, 113) having a 4-pyridyl 2-amino- 
ethyldisulfide residue at the terminal of the molecule was obtained from the reactive polymer, which was 
obtained in Example 6, having a thiol group at the terminal of the molecule, according to the same method 
as Example 7 with the exception of the use of 4-pyridyldlsulfide as an active disulfide compound in place of 

45 2-pyridyldisuifide. 

50 mg of the freeze-dried reactive polymer thus obtained was dissolved in 10 ml of water, in which 475 
mg of 1-ethyl-3-{3-dimethytaminopropy1) carbodiimide hydrochloric add salt was dissolved. A solution, 
prepared by dissolving 63 mg of daunomycin hydrochloric acid salt in 10 ml of water, and 10 ml of DMF 
were added thereto. The mixture was allowed to react at room temperature overnight. Thereafter, 200 mg 
50 of sodium acetate was added and the reaction was completed. 

After the reaction is over, 10 mi of 0.5 M sodium phosphate buffer (pH 8,0) was added to the reaction 
liquid on an ice bath. The obtained solution was dialyzed at 4°C on a cellophane membrane against 0.1 M 
sodium phosphate— 0.5 M NaC1 (pH 8.0) for 2 days and against pure water for another 2 days. After in- 
soluble substances in the dialyzate were removed by centrifugatfon, the volume of the solution was 
55 reduced to 10 ml by distillation under reduced pressure. Then the solvent was removed from the solution 
by freeze-drying to give 70.5 mg of a reactive polymer linked with daunomycin as a red curdy solid. 

Accurately weighed 1.59 mg of thus obtained reactive polymer-daunomycin conjugate was dissolved 
in 1.00 ml of 0.1 M sodium phosphate buffer (pH 8.0). When its ultraviolet absorption spectrum was 
measured, the maximal absorption was observed at 535 nm (sh), 490 nm, 289 nm (sh) and 252 nm (sh), 
so from which it was confirmed that the object matter of the present invention was produced (Refer to E.M. 
Acton et ai., J. M d. Chem., Vol, 17, p.659, 1974). 

(2) Determination of daunomycin in th reactive polymer-daunomycin conjugate: 

The quantity of the daun mycin residue contained in 70.5 mg of the abov mentioned conjugates was 
43.7 u mole when determined by c nv ni ntiy setting the molecular absorbancy index of the maximal 
65 absorption at 490 nm at 1.2 x 10 4 (refer to the abovementioned literature). Then the number of moles of the 
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reactive polymer was det rmined to be 2.68 u m les fr m the quantity of the end groups contain d in the 
reactive p lymer calculated from the maximal absorption (324 nm, e = 1.98 x 10 4 ) of 4-thiopyridon 
liberated by reductively cleaving the terminal active disulfide by additi n of a large excess of dithiothreitol 
to a solution of a certain amount of the conjugate (in measuring the absorbance at 324 nm, the calculation 
5 was made by use of a value from which the absorption of light by daunomycin residues was deducted). 
Accordingly, the number of daunomycin bound to one molecule of the reactive polymer is calculated to be 
43.7 x 10* 6 /268 x 10" 6 = 16.3. 

Example 15 

io (1) Preparation of poly-L-glutamic acid sodium salt-PDM conjugate: 

A solution prepared by dissolving 151.3 mg of 1-ethyl-3-<3-dimethylaminopropyl) carbodiimide 
hydrochloric acid salt in 5 ml of water was added to a solution prepared by dissolving 475 mg of the 
polymer, which was obtained in the aforementioned Example 1, (2), mainly comprising the sodium salt of 
poly-L-glytamic acid. An aqueous solution obtained by dissolving 178.4 mg of p-[N,N-bis(2-chloroethyl)] 

rs phenylenediamine hydrochloric acid salt (PDM), which is publicly known as an anti-cancer drug, in 10 ml of 
water was added thereto dropwise in 7 minutes. The reaction liquid was stirred at room temperature for 30 
minutes. When the pH of the reaction liquid was adjusted to 4.0 by adding hydrochloric acid, a white 
precipitate developed. The precipitate was filtrated off and washed with diluted hydrochloric acid. The 
obtained white solid was then dissolved in 20 ml of an aqueous solution of 0.1 N caustic soda and dialyzed 

20 against pure water at 4°C on a permeable cellophane tube for 3 days. When the dialyzate was lyophilized, 
569.2 mg of a curdy solid (poly-L-giutarnate sodium-PDM conjugate) was obtained. 
(2) Determination of PDM in the poiy-L-glutamate sodium-PDM conjugate: 

4.075 mg of the poly-L-glutamate sodium-PDM conjugate obtained in the preceding (1) was dissolved 
in 100 ml of an aqueous solution containing 10% ethanol and the absorption (275 nm) of the PDM was 

25 measured. The found value of the absorbance (275 nm) was 0.730. 

Concentration C of the PDM residues is calculated according to the following equation: 



A 0,730 

C = = — = 4.51 x 10" 5 (moles) (a) 

30 el 1.62 x IO" 4 x 1.0 

(wherein A is a found value of the absorbance, I is 1.0 cm, and e indicates an absorbancy index, 1.62 xMO 4 ;' 
incidentally, the absorbance of a condensation product of acetic acid and PDM (acetylated PDM) was'used 
as a value of c for convenience sake.) 
35 On the other hand, when the ratio of L-glutamate-PDM conjugate units to L-glutamate sodium units, 
from which L-glutamate-PDM conjugate units arose, is represented by a symbol X, the molecular weight M 
of the L-glutamate unit contained in the polymer is expressed by M = 151 (1— X) + 344 X. Therefore, the 
molar concentration C of the PDM residue is calculated by the following equation: 

40 Weight of the polymer used 

in the determination (G) 1000 

C= X x X 

M 100 

45 4.075 x 10"* 1000 (b) 

= X X X 

151 (1-X) + 344X 100 



so 



55 



60 
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When the value of X is calculated from the abovementioned equation (a) and equation (b), X « 0.212, 
which leads to a conclusion that 21.2% of the sodium L-glutamate units is turned to the L-glutamate-PDM 
conjugate units. 

Also, the average molecular weight MW is concluded to be about 37,000 according to the following 
equation: 

MW=193XM = 193X{151 (1— X) + 344X}=. 37,000. 

(3) Determination of the disulfide linkage in the poly-L-glutamate sodium salt-PDM conjugate (DTNB 

mSth 14 d 8 mg (4.00 x 10" 7 moles) of the pory-L-glutamate sodium-PDM conjugate was dissolved in 500 ml of 
0.1 M tris hydrochloric acid - 1 mM EDTA solution (pH 8.50). 50 ul of an aqueous solution ipf 0.1 M 
dithiothreitol was added thereto and the mixture was made to react at 50X for 2 hours n which the 
disulfide linkage is cleaved to become -SH group). Thereafter, 50 pj of 0.25 M acetone solution of 5.5 - 
dithio-bls(2-nitrob nzoic acid) was added t the reaction solution to ffectth r action {to ^"^.^—f, " 
group into the — STNB gr up). Then the reaction mixture was luted by Sephadex G-50 (fin ) column 
Sat graphy ov r OA M ph sph ric acid buffer- 1 mM EDTA s lud n (pH 6.90) to obta.n ony the 
polymer by eliminating low molecular compounds. Dithl thr itol was added to the obta.ned polymer 
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solution to iiberat the TNB anions from the terminal — STNB group of the polymer (th polymer again had 
the SH group at its terminal). The absorbance (412 nm) of the liberated TNB anions in thus obtained 
polym r s lution was measured, from which the concentration of the TNB ani ns was calculated to be 
5.98 x 10~ 7 according to equati n (a) of the preceding (2) (in equation (a), I = 1.0 cm and e = 1.36 x 10* 
5 (absorbaney ind x of th TNB ani ns)). The number of moles f th liberated TNB anions is equal to the 
number of moles of the terminal —STNB groups contained in the polymer, or is twice the number of moles 
of the polymer having the disulfide linkage. The percentage of the disulfide linkage contained in the poly-L- 
glutamate sodium-PDM conjugate (4X0 x 10~ 7 moles) is calculated to be 

to 5.98 x 10" 7 1 

- — x 100 « 74.8%. 

a nn \y irt-7 o 

From the above fact, it is made clear that about 25% of them do not contain the disulfide linkage in the 
75 molecule. 

(4) Preparation of the terminal SH group containing poly-L*glutamate-PDM conjugate: 

181.1 mg (4.89 x 10~ 6 moles) of poly-L-glutamate sodium-PDM conjugate (percentage of POM bond, 
21 .2%) was dissolved in 6.0 ml of 0.1 M tris hydrochloric acid — 1 mM EDTA solution (pH 8.48), to which 2.0 
ml of 0.1 M tris-hydrochloric add — 1 mM EDTA solution (pH 8.45) containing 0.02 M dithiothreitol was 
20 added. The mixture was made to react In a tightly sealed reaction system at 50°C for 100 minutes. (In this 
reaction, the disulfide linkage in the molecule was cleaved reductively to form two molecules of polymer 
having the SH group at the terminal of the molecule.) 

Then a dispersion prepared by dispersing 8.0 g (dry weight) of an activated thiopropyl sepharose 6B 
resin (manufactured by Pharmacia, having an 
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group as a functional group in the resin) in 100 ml of 0.25 M sodium phosphate buffer (pH 6.86) was added 

30 to the reaction mixture, which was then kept stirring overnight to allow the resin to adsorb the polymer 
having an SH group at the terminal of the molecule. (The polymer is adsorbed by the resin to form the resin 
— S — S-poiymer.) Thereafter, the resin which had adsorbed the polymer was filtrated off and washed 
thoroughly with 800 ml of 0.25 M sodium phosphate buffer (pH 6.86). (The by-product in the reaction of 
the present invention which was not adsorbed by the resin, or one that has no SH group in the molecule, 

35 was removed during this operation.) The washed resin was dispersed in 30 ml of 0.1 M tris-hydrochloric 
acid-1 mM EDTA solution (pH 8.5), to which dispersion liquid 62 mg of dithiothreitol was added. The 
reaction system was sealed and stirred overnight to have the polymer regenerated. (During this operation, 
the polymer adsorbed by the resin was desorbed from the resin and regenerated as a polymer having the 
SH group at the terminal of the molecule.) The resin was then filtrated off and washed with 400 ml of 0.25 M 

40 sodium phosphate buffer (pH 6.86). The filtrate and the washings were put together and, when the pH was 
adjusted to 4 by adding hydrochloric acid, a polymer having the SH group at the terminal of the molecule 
was precipitated. The precipitate was collected by centrifugation and dispersed in 6.2 ml of 0.1 M sodium 
acetate — 1 mM EDTA solution (pH 3.96). After argon was bubbled into the dispersion liquid the container 
was sealed and stored while being cooled (4°C). The molar volume of thus obtained polymer having the SH 

45 group at the terminal of the molecule was 4.86 x 10~* motes when calculated from the end group 
determination according to the DTNB method. The quantity of the PDM residue was measured by use of 
e275 = 1.62 x 10~* of the acetylated PDM was 108.4 x 10~ 6 moles. Therefore, the present conjugate 
contains 1 terminal SH group and an average of 22.3 (108.4/4.86) PDM residue in a molecule. Since the total 
number of L-glutamate in the present conjugate is 22.3/0.212 = 105, its molecular weight is calculated to be 

50 105(0.212 - 344 + 0.788 X 151) « 20,000. 



Example 16 

This example gives an instance of method to manufacture a polymer having the active disulfide linkage 
at the terminal (terminal S— TNB-poty-L-glutamate sodium-PDM conjugate). 
55 148 mg of poly-L-glutamate sodium-PDM conjugate obtained In Example 15, (1) was dissolved in 4.0 
ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH &5), to which 2.0 ml of 0.1 M tris-hydrochloric 
acid — 1 mM EDTA solution containing 0.02 M dithiothreitol was added in a stream of argon, and the mixed 
solution was made to react at 40°C for 3 hours. 

A dispersion prepared by dispersing 20 ml (wet volume) of activated thiopropyl sepharose 6B resin in 
so 40 ml of 0.1 M sodium phosphate buffer — 1 mM EDTA solution (pH 7.0) was added to the reaction mixture. 
Arg n was passed through the reaction system t displace th air and the reaction mixture was stirred 
vernight to allow the polym r having the SH group at the terminal f th molecule to be adsorbed by the 
resin. After that, th resin which had adsorbed the polymer was filtrated off and washed thoroughly with 
337 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH 8.0). The washed resin was dispersed in 
55 40 ml of 0.1 M tris-hydrochloric acid— 1 mM EDTA solution (pH 8.5), t which disp rsion liquid 624 mg of 2- 



22 



0 040 506 

mercapto-ethanol was added. The mixture was stirred in a stream of argon for 3 hours to regenerate the 
polymer having the SH gr up at the terminal f the m lecule. The resin was th n filtrated off and washed 
with 400 ml of 0.1 M tris-hydrochloric acid — 1 rnM EDTA solution (pH 8.5) containing 0.01 M 2-mercapto- 
ethanol. The filtrate and the washings were put together and the pH value was adjust d to 4 with hydro- 

5 chloric acid to precipitate the polymer which has th SH gr up at the terminal of th molecule. After this 
was left standing at 4°C for 1 hour, the supernatant was removed by centrifugation. The precipitate was 
washed with distilled water and a dispersion of the polymer precipitate was obtained. A solution prepared 
by dissolving 31 mg of 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) in 30 ml of 1 N sodium phosphate — 1 
mM EDTA solution (pH 8.0) was added to the dispersion of thus obtained polymer having the SH group at 

w the terminal of the molecule to carry out the reaction while the polymer was being dissolved. After that the 
mixed solution was dialyzed against 0.1 N saline solution at 4°C for 5 days. 50.5 ml of the recovered liquid 
was subjected to ultrafiltration under reduced pressure with the use of a permeable cellophane membrane 
until the volume of the liquid was reduced to 1.05 ml. 0.15 mi of 0.1 M sodium phosphate — 1 mM EDTA 
solution (pH 7.0) was added thereto to obtain 1.2 ml of 0.01 M sodium phosphate— 0.1 mM EDTA solution 
is (pH 7.0) of the terminal S — TNB-poly-L-glutamate sodium salt-PDM conjugate. 

The volume of thus obtained polymer having the — STNB group at the terminal of the molecule was 
1.85 x 10" a moles by determination of end group according to the DTNB method. The content of the PDM 
residue was 53.47 x 10~ 6 moles when measured on the basis of z m nm » 1.62 x 10* of acetylated PDM. 
Therefore, the present conjugate contains 1 terminal — STNB group and an average of 28.9 PDM residue in 
20 a molecule. The average molecular weight of this conjugate was calculated to be about 26,000. 

Example 17 

(1) Preparation of poly-1-L-glutamate sodium salt-daunomycin conjugate: 

44.7 mg of the polymer obtained in Example 1, (2) mainly comprising sodium salt of poly-L-glutamic 
25 acid was dissolved In 5 ml of water and further 84.4 mg of 1-ethyl-3(3-dimethylaminopropyl) carbodiimide 
hydrochloric acid salt (EDO was dissolved therein. An aqueous solution prepared by dissolving 25 mg of 
daunomycin hydrochloric acid salt in 10 ml of water was added to thus obtained aqueous solution and the 
mixture was stirred at room temperature for 1 hour. After that, the reaction solution was dialyzed against 
0.9% saline solution at 4°C for 3 days with the use of a permeable cellophane membrane. By adding 1 .22 ml 
30 of 1 .0 M tris-hydrochloric acid — 1 mM EDTA solution (pH 8.5) to 1 1 .0 mi of the recovered liquid, 1 2.22 ml of* 
0.1 M tris-hydrochloric acid — 0.1 mM EDTA solution (pH 8.5) of poly-L-glutamate sodium salt-daunomycin -~ 
conjugate was obtained. x 
The content of L-glutamate-daunomycin units in the poly-L-glutamate sodium-daunomycin conjugate " 
obtained in the above was 25.6 u moles when determined from the measurement of the absorption (485 
35 nm) of N-acylate product of daunomycin according to the same method as Example 15, (2) (based on * 
e = 12,000). 

(2) Preparation of terminal S— TNB-poly-L-glutamate sodium-daunomycin conjugate — 
1.15 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH 8.5) containing 0.02 M dithiothreitol ~ 

was added to 12.20 ml of 0.1 M tris-hydrochloric acid — 0.1 mM EDTA solution (pH 8.5) of pofy-L-glutamate 

40 sodium-daunomycin conjugate obtained in the preceding (1 ). The mixture was heated up to 45°C for 1 hour - 
in an atmosphere of argon and was then left stand at room temperature overnight A dispersion liquid " 
prepared by dispersing 3.83 g of activated thio propyl sepharose 6B resin in 40 ml of 0.25 M sodium 
phosphate — 1 mM EDTA solution (pH 6.85) was added to the above mixture and stirred slowly in an 
atmosphere of argon for 26 hours. Then the resin was separated by filtration and washed with 0.05 M 

45 tris-hydrochloric acid — 0.5 mM EDTA solution (pH 8.0). 

The washed resin was dispersed in 40 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH 
8.5), to which 359 mg of 2-mercaptoethanol was added. The mixture thus prepared was stirred slowly in an 
atmosphere of argon for 15 hours. When the reaction was completed, the resin was filtrated off and washed 
with 50 ml of 0.05 M tris-hydrochloric acid — 0.5 mM EDTA solution (pH 8.0) containing 10 mM 2-mercapto- 

so ethanol. The mixture of the filtrate and washings had its pH adjusted to 4.0 with hydrochloric acid and was 
cooled to develop a precipitate (terminal SH-poly-L-glutamate sodium-daunomycin conjugate.) 

The precipitate was collected centrifugally, washed with water three times, and dissolved in a solution 
obtained by dissolving 11.64 mg of 5,5'-dithlo-bis(2-nitrobenzoic acid) (DTNB) in 5 ml of 1 N — sodium 
phosphate — 1 mM EDTA solution (pH 8.0) to convert the terminal SH group into an activated disulfide 

55 group (terminal S — TNB group). With the object of purifying thus formed terminal S— TNB-poly-L- 
glutamate sodium-daunomycin conjugate, the above reaction mixture was fractionated into thirty fractions 
of 3.93 ml each by chromatography on a column of Sephadex G — 25 (fine) equilibrated with 0.05 N sodium 
phosphate — 0.5 mM EDTA solution (pH 6.90). Fractions containing terminal S— TNB-poly-L-glutamate 
sodium-daunomycin conjugate were detected by measuring the absorption (485 nm) of N-acylated product 

60 of daunomycin and the increase of absorbance at 412 nm resulting from the addition of dithiothreitol 
(absorption of ^_ mt ^ 

no,— rV^_s-). 
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The total of such fractions was concentrated to 4.90 ml under reduced pressur 

The content of the daunomycin residue contained in thus obtained solution was 4 98 u moi«c «/h«n 

Example 18 

«, ♦ exam , pl ! ? ffortsan illustrative instance of a method for preparing a conjugate having an SH arouo 
at the terminal of the molecule; the terminal SH-poly-L^lutamate-daunomydn 9 9 P 

31.2 mlo^^^ » solved ,n 

that, the pH of the reaction solution was adjusted to 4.0 by addition of hydrochloric acid and the so i£t™ 

*Z?2!t \ eV rt° P 3 P -^' Pitate - ^ pr8Cipitate W8S ' co,lected * SKaS 
times with water The precipitate of polymer thus obtained was dissolved in I dispersion TSSndZ 

3 -°i m, ^Tf ,Ume) . of , activated thtelWl sepharose 6B resin in wTnTof ilTSSum 
~. 1 mM |? TA i° ,ution (PH 8-OK The mixture was stirred slowly ovemigh to mVke th?r2 

. T * 1 «^ sinwa * thendi spefse<lin9mlof0.1 M tris hydrochloric acid - 1 mMEDTA solution (oH 8 S> to 

tSmssfM ttst^^jr added - ™ e mixture was ^ s,ow, v ^sss^jsis 

mi ^ n nc J » d k j A S Br . the ?, act,on was over ' 1,19 resin was Elected by filtration and washed with 30 
al^ft^I^t'^™^, -°* mM EDTA s «""tion (PH 8.0). The combined solution o 'to ffltato 
and the washings had its pH value ad usted to 4.0 with hydrochloric acid, and was cooled to fa™ . 
precipitate (terminal SH-poly-L-glutamate sodium-daunomycin conjugate)? 

The obtained precipitate was separated by centrifugation, washed 3 times with water and o 1 m 

55 mi n Example 19 

210 m» Xl°i PO , IV * 1 ; L '? ,U !l rnatB sodJum -HP-D-arabinofranosyl) cytosine (Ara-C) conjugate: 
i*J2£.E£i i- m F^""*""** prepared in Example 2 by use of the initiator n-propyl 2-amino- 
ethyldisulfide was dissolved in 2.0 ml of water and the pH of the solution was adjusted to 3 so with 

Z IhSS f rOChl ° riC ^ ^ d,St " led Water ' and vacuum driad to *• 1 *> "55 Poly^lSm^adS 

HiiJ^L m - 9 •\ m ? at i. °!, thus obtained poly-L-glutamic acid (average molecular weight. 14200) was 
dissolved in 10 ml of anhydrous dimethylformamide. 69 mg of isobutvl chloroformate and si I m a* 

a n rou^oTnvTT rt added SP 18 ^ 7110 mixture was'stirred for 1 tS^^SL^oSS 
c? n fn f V * K 9 ^ m 'f add : m f mixed acid a "hydri<le. A solution prepared by dissolving 122 mgof 
button ^m^" 8 a T a VF mn F a * and 51 m 9 of triethylamine were added to the abWreaction 
S2n^rr5?^ , JT * e " * t0 ,9° "rough the reaction in an atmosphere of nitrogen at -TC for 
doI? 3E£S5 a* °T ' 3t 4 ^ for 3 d8yS ' and at 70 " C for 4 hours in ortter » <»nj"8ate Ara-C to 
Khte^ ,° V6r ' re3Cti0n solution Was added to 30 ml oHM-sodium 

0 9% sS Sinl^H 8 P i ep9i ; ed SOlUt,0n Was d!alyzed on 3 cellophane membrane at « against 
to ^t!™°J^° . ^ S a " d 39ainSt pure watarfo '2 days. About 50 ml of thus obtained solution had 
ite water removed at room temperature under reduced pressure by distillation to reduce the vdume to 10 

nm IS n^w?,!" 80 ^" 8 P ectru,n of the obtained solution showed the maximal absorption at 299 
nm 247 nm. and 216 nm and it was understood that N* position (amino group) of Ara-C formed the amido 

TfhTwir^S™? TEX*? 1 * ««« WU" to M- Aldyama 5 a... ChJSSS.wKS 
i££Sh tS^VtZJTVZ,^*?? re8ldu9 ex,stins in solution was a178 m mole when it was 
calculated by substituting 1.42. the found value of the absorbance (at 299 nm) in the following equation 

A 

Ca- 
Cl 

of h N?^ S 3 f * U A nd o ' u 6 ° f ? absorba nc8. 1 is 1.0 cm. and e indicates the absorbance ind x (at 299 nm) 
of N position of Ara-C, here b ing 8,000 for convenience sake. 
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(2) Preparation of t rminal SH-p ly-L-glutamate-Ara-C conjugat 

2.8 ml of the solution f poly-L-gtutamate sodfum-Ara-C conjugate obtained in th prec ding (1) was 
mixed with 17.2 mi f 0.1 M tris-hydr chl ric acid — 1 mM EDTA solution (pH 8.5) t make a total of 20 ml. 
7.7mgofdithi threitol was added th ret and the reaction was conducted at 45°C for 3 hours t formth 

5 terminal SH group by cleaving the disulfide linkage contained in th polymer. Then the reaction solution 
had its pH adjusted to 3.8 with hydrochloric acid to let the polymer precipitate. The precipitate was 
centrifuged and washed with dilute hydrochloric acid. The precipitate of the polymer thus obtained was 
dissolved in 10 ml of dispersion prepared by dispersing 3.0 ml (wet volume) of activated thiopropyl 
sepharose 6B resin in 7 ml of 0.1 M sodium phosphate — 1 mM EOTA solution (pH 7.8), and the solution 

to was stirred slowly in an atmosphere of argon at 4°C for 5 hours to make the resin adsorb the polymer 
having the terminal SH group. After that the resin was filtrated off and washed with 50 ml of 0.05 M 
tris'hydrochloric acid — 0.5 mM EDTA solution (pH 8.0). The resin was then dispersed in 10 ml of 0.1 M 
tris-hydrochloric acid — 1 mM EDTA solution (pH 8.0) and 92.4 mg of dithiothreitol was added thereto. The 
mixture was slowly stirred in an atmosphere of argon at 4°C for 5 hours to have the terminal SH group 

is regenerated. The resin was separated by filtration and washed with 30 ml of 0.05 M tris-hydrochloric acid — 
0.5 mM EDTA solution (pH 8.0). Hydrochloric acid was added to adjust the pH of the mixture consisting of 
the filtrate and the washings to 4.0 and a precipitate (terminal SH-poly-L-glutamic acid-Ara-C conjugate) 
was obtained by cooling the mixture. The precipitate was separated by cehtrifugation, washed with dilute 
hydrochloric acid three times, dispersed in 0.1 M sodium acetate buffer — 1 mM EDTA solution (pH 3.5) to 

20 make 2.0 ml of dispersion, and stored at 4°C 

The content of — SH contained in the terminal SH-poly-L-glutamate-Ara-C bond thus obtained was 
determined as 0.63 |i mole by the DTNB method. The content of the bound Ara-C measured and calculated 
on the basis of e299 nm = 8,000 of the 4 N acylated Ara-C was 13.5 u moles. This conjugate accordingly has 
1 terminal SH group and 21.4 Ara-C residues on an average in one molecule. 

25 

Example 20 

(1 ) Preparation of L-glutamate/L alanine copolymer sodium salt-melphalan conjugate: ■ < 4 

450 mg of the polymer mainly comprising sodium of L-glutamate/L-atanine copolymer obtained in 
Example 3 was dissolved in 10 ml of water, to which an aqueous solution prepared by dissolving 66.3 mg of s 

30 1-ethyl-3-(3-dimemylaminopropyl) carbodiimide hydrochloride (EDC, condensing agent) in 5 mi of water 

was added. An aqueous solution prepared by dissolving 88.5 mg of P-[bis(2-chloroethyl)amino] L-phenyl- ^ 
alanine (melphalan), which is a publicly known anti-cancer drug, in 20 ml of water was added dropwise to 4 
the mixed solution in 10 minutes. This reaction solution was stirred overnight at room temperature. When 
hydrochloric acid was added to the reaction solution to adjust the pH to 4.0, a white precipitate appeared. 

35 The precipitate was isolated by centrifugation and was washed with dilute hydrochloric acid. Thus obtained 

white solid was dissolved In 20 ml of 0.1 N caustic soda solution and dialyzed against pure water at 4°C for 3 . , 

days on a permeable cellophane tube. The dialyzate was lyophilfzed to give 484 mg of L-glutamic acid/L- ~ - ^ 
alanine copolymer sodium salt-melphalan conjugate as a curdy solid. U 
The ultraviolet absorption spectrum of the aqueous solution of the obtained product showing the > . .5 

40 maximal absorption at 258.5 nm and 302.0 nm proved that the primary amino group of melphalan formed * v ■ J 

amide linkage with the car boxy I group of L-glutamlc acid residue contained in the copolymer to link to the 
polymer. The quantity of melphalan contained in 484 mg of the said curdy solid was 0.263 u mole when 
measured on the assumption that the molecular absorbancy index of melphalan coupled with the polymer 
was equal to that of free melphalan (e258.5 nm = 1.37 x 10*) for convenience sake. 

45 (2) Preparation of terminal SH-poly-L-glutamate-L-alanine-melphalan conjugate: 

400 mg of solid poly-L-glutamate-L-alanine-melphaian conjugate obtained in the preceding (1) was 
dissolved in 15 ml of 0.1 M tris-hydrochloric acid — 1 mM EDTA solution (pH 8.5), to which 12.8 mg of 
dithiothreitol was added. The reaction was carried out in a sealed system at 45°C for 3 hours, during which 
time the disulfide linkage in the polymer was cleaved and the terminal SH group was generated. The pH of 

so the reaction solution was adjusted to 3.4 with IN hydrochloric acid to make the polymer precipitate. The 
precipitate was isolated by centrifugation and washed with diluted hydrochloric acid three times. The 
precipitate of the polymer thus obtained was dissolved in 30 ml of 0.1 N NaOH solution. The prepared 
solution was added to a dispersion obtained by dispersing 46 ml (wet volume) of activated thiopropyl 
sepharose 6B resin in 50 ml of 0.1 M sodium phosphate — 1 mM EDTA solution (pH 7.5). The mixture was 

S3 stirred slowly in an atmosphere of nitrogen at room temperature to allow the resin to adsorb the polymer 
having the terminal SH group. The resin was filtrated off and washed with 1000 ml of 0.1 M 
tris-hydrochloric acid — 1 mM EDTA solution (pH 8.0). Then the resin was dispersed in 70 ml of 0.1 M 
tris-hydrochloric acid — 1 mM EDTA solution (pH 8.5), and after 770 mg of dithithreitol was added thereto, 
the mixture was stirred slowly overnight in an atmosphere of nitrogen to have the terminal SH group 

60 regenerated. The resin was separated by filtration and washed with 300 ml of 0.05 M tris-hydrochloric acid 
— 0.5 mM EDTA solution (pH 8.5). 1N hydr chloric acid was added to the mixture of the filtrate and the 
washings to adjust the pH to 3.5 and the solution was cooied to precipitat the terminal SH-p ly-L- 
glutamate-L-alanine-melphaian conjugate. The precipitate was isolated by centrifugation, washed with 
dilute hydrochloric acid three times, dispersed in 10 ml of 0.1 M sodium acetat buffer — 1 mM EDTA 

65 soluti n (pH 3.0), and st red at 4°C 
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The c 



; ntent of the — SH group contained in the terminal SH-p ly-L-glutamate-L-aianine-melphalan 
c njugate thus obtained was 9.1 x 10~« mol according to the DTNB m thod. The c nt nt of melphalan 
b und to the polymer was 92.1 x 1(T 9 mole when m asured and calculated based on s258.5 
nm « 1.37 x 10 . Therefore, this conjugate contains one terminal SH group and 10.1 melphalan residu on 
an average in one molecule. 

The words CELLOPHANE, SEPHADEX, SEPHAROSE, and HELPHALAN, as used herein, are Trade 
Marks. 

Claims 

1. A reactive polymer having a degree of polymerization in the range of 5 to 3,000, with 60 mole % or 
more of the tots! constituent units comprising constituent units expressed by formula {!} 

— COCHNH— /a 

i 

(CH 2 )m 

I 

cooz 

20 wherein Z indicates a hydrogen atom or a univalent cation; M is an integer 1 to 4; and having an active 
group expressed by formula (II) at the carboxyl end of the main chain 



X— S— W— N — (H) 



wherein X indicates a hydrogen atom or a group which can form an S— S linkage with the adjacent sulfur 
atom; W is a divalent organic group; and R, represents a hydrogen atom or an alkyl group having 1 to 4 
carbon atoms. 

30 2. A reactive polymer according to claim 1, wherein W in the formula (II) is an alkylene group having 1 
to 4 carbon atoms. 

3. A reactive polymer according to claim 1, wherein X is a 2-pyridylthio group, 4-pyridylthio group, 3- 
carboxy-4-nitrophenylthio group, 4-carboxy-2-pyridylthio group, N-oxy-2-pyridylthio group, 2-nitrophenyl- 
thio group, 4-nitn>2-pyridytthio group, 2-benzothiazolylthio group, 2-benzoimidazolylthio group or N- 

35 phenylamino-N'-phenyliminomethylthio group. 

4. A process for preparing a reactive polymer having a degree of polymerization in the range of 5 to 
3,000, with 60 mole % or more of the total constituent units comprising constituent units expressed by 
formula (I) as given in claim 1 and having an active group expressed by formula (ll-a) at the carboxyl 
terminal of the main chain 

40 

HS— W— N— 

I .(H-a) 
Ri 

45 wherein W and R, respectively have the meanings defined In claim 1 , which comprises reductively cleaving 
the disulfide linkage contained in a hydrophilic polymer, with 60 mole % or more of its total constituent 
units comprising constituent units expressed by formula (I) and having a group containing a disulfide 
linkage expressed by the following formula (111) in the main chain or at the carboxyl terminal of the main 
chain 

50 

Ra— S — S — W — N — 

I .(til) 
R, 

55 wherein W and R 1 respectively have the meanings defined in claim 1; R 2 Indicates an alkyl group, aralkyl 
group, or aryl group, when the group expressed by formula (111) is an end group of the main chain, and 
indicates a divalent group represented by 



50 



— N — W' — , 

I 



wh n the gr up expressed by formula (III) is in the main chain; in which W is a divalent organic group 
identical with or different from W and is linked with S of formula (III); and R', is identical with r differ nt 
55 fr m R, and r presents a hydr g n atom or an alkyl group having 1 to 4 carbon at ms. 
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5. A process for preparing a reactive polymer having a degree of polymerization in the rang of 5 to 
3,000, with 60 mole % or m re of the total c nstituent units comprising constituent units expressed by 
formula (I) given in claim 1 and having an activ group expressed by formula (ll-b) at th carboxyl terminal 
of the main chain 

5 

X'— S— W— N — ( ||. b ) 

io wherein W and R 1 respectively have the meaning given In claim 1, and X' indicates a group capable of 
forming an S— S linkage with the adjacent sulfur atom, which comprises reacting a hydrophilic polymer 60 
mole % or more of the constituent units of which comprise constituent units expressed by formula (I), and 
which has an active group expressed by formula (ll-aj at the carboxyl terminal of the main chain 

is HS— W-N— (l|. a) 

I 

Ri 

wherein W and R 1 respectively have the meaning given in claim 1; with a disulfide compound. 

20 6. A hydrophilic polymer having a degree of polymerization in the range of 5 to 3,000, with 60 mole % 
or more of the total constituent units comprising constituent units expressed by formula (I) in claim 1 and 
having a disulfide linkage-containing group expressed by formula (HI) given in claim 4 in the main chain or 
at the carboxyl terminal of the main chain. 

7. A reactive polymer which is linked with a cytotoxic substance which contains an amino group or 

25 imino group in its molecule, having a degree of polymerization in the range of 5 to 3,000, with 60 mole % or 
more of the total constituent units comprising constituent units expressed by formula (I) given in claim 1 
and constituent units expressed by formula (IV) ~ 

— COCHNH— (IV) " 

30 | :t: 

(CH a )m 



3$ 



60 



CO 



wherein Y indicates a reaction residue of the amino group or imino group of the cytotoxic substance; and<- 
m is an integer 1 to 4; and having an active group expressed by formula (II) given in claim 1 at the carboxyl 
end of the main chain. 

40 8. A process for preparing a reactive polymer linked with a cytotoxic substance containing an amino 
group or imino group in its molecule, comprising causing the cytotoxic substance to react with a reactive 
polymer as claimed in claim 1. 

9. A process for preparing a reactive polymer, which is linked with a cytotoxic substance, having an 
active group expressed by formula (ll-a) given in claim 1 at the carboxyl end of the main chain which 

4S process comprises reacting a cytotoxic substance containing an amino group or imino group in its 
molecule with a hydrophilic polymer as claimed in claim 6, and (2) reductively cleaving the disulfide linkage 
contained in the reaction product 

10. A process for preparing a reactive polymer, which is linked with a cytotoxic substance, having an 
active group expressed by formula (ll-b) given in claim 5 at the carboxyl end of the main chain, which 

50 process comprises reacting a disulfide compound with a polymer having a degree of polymerization in the 
range of 5 to 3,000, with 60 mole % or more of the total constituent units consisting of constituent units 
expressed by formula (I) given in claim 1 and constituent units expressed by formula (IV) given in claim 7 
and having an active group expressed by formula (II) given in claim 1 at the carboxyl end of the main chain. 

55 Paterrtanspruche 

1. Reaktives Polymeres mit ainem Polymerisationsgrad im Bereich von 5 bis 3,000, in dem 60 Moi% 
Oder mehr der gesamten Bestandteilseinheiten Bestandteilseinheiten enthaften, die durch die Formei (I) 
ausgedrtckt werden 



I 

es COOZ 



—COCHNH— 

(CHJrn (l> 
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35 



40 



45 



50 



55 



un^ e IS^^,° ff l t0m ,1m 9ln einwertI S es bedeutet und m eine ganze Zahl von 1 bis 4 ist 
und das eine durch die Formel (II) ausgedruckte aktive Gruppe am Carboxyl nde der Hauptk tte hat 



X— S— W— N— 

I (II) 
Ri 



worin X ein Wasserstoffatom Oder eine Gruppe bedeutet, die eine S-S Bindung mit dem benachbarten 

,n i„ ffu f •? ,1""'^ e u? e ^e'we^g 6 organische Gruppe ist und R, ein Wasserstoffatom Oder 

io eine Alkylgruppe mit 1 bis 4 Kohlenstoffatomen bedeutet. 

2. Reaktives Polymeres nach Anspruch 1, dadurch gekennzeichnet, daB W in der Formel (II) ein* 
«i*yiengruppe mit i bis 4 Kohlenstoffatomen bedeutet. 

3. Reaktives Polymeres nach Anspruch 1, dadurch gekennzeichnet, daB X eine 2-Pyridylthiogruppe. 4- 
Pyndylthiogruppe, 3-Carboxy^-nitrophenylthiogruppe, 4-Carboxy-2-pyridyltriiogruppe. N-Oxy-2-pyridy|. 

is ttiiogruppe, 2-N.trophenylthiogruppe, 4-Nftro-2-pyridylthiogruppe, 2-Benzthiazolylthiogruppe, 2- 
Benzimidazolylthiogruppe oder N-Phenylamino-N^phenyHminomethylthiogruppe ist. 
e w 4 'o V ^ hre 1 ZUr Herste,,un 8 eines reaktiven Polymeren miteinem Polymerisationsgrad im Bereich von 
5 bis 3.Q00, in dem 60 Mol% oder mehr der gesamten Bestandteilseinheiten Bestandteilseinheiten ent- 
naiten, die durch die Formel (I) in Anspruch 1 ausgedruckt werden und das eine aktive, durch die Formel di- 
al ausgedruckte Gruppe am Carboxylende der Hauptkette aufweist 



HS— W— N— 

I (ll-a) 
Ri 



hLr 1« H ,e . we,lsdfe J In Anspruch 1 angegebenen Bedeutungen besitzen, dadurch gekennzeichnet, 
daS man die in emem hydrophilen Polymeren, in dem 60 Mol% oder mehr seiner gesamten Bestand- 

ot^^tT^^f^^' *» durch Formel » ^^edruckt ZSLfS d« eiSch 
kett?auCe!« ausgedruckte Disulfidbindung in der Hauptkette oder am Carboxylende der Haupt- 



30 kette aufweist 

Rj—S— S— W— N— 



I (HI) 



A«Zil?i Und B l i T 8i ! 8 dle in ' angegebenen Bedeutungen besitzen, R» eine AlkvloruDoe 

— N — W — 

I 

R'i 

w^KX?.!? dar ! t0,l i wenn di ? d ""* Formel (III) ausgedruckte Gruppe in der Hauptkette vorliegt. 
und mit * H ^f? 8 or 9 a "i*he Gruppe 1st, die identlsch mit W oder davon verschieden sein kann 
wiseiofS«™ 0 ^ ( " 0 W ^ dm ,St - Und R '' identlsch mlt R ' oder d8VOn verschJeden ist und ein 
WndtnTrSSspal^'" 6 - mit 1 * 4 <°h'en«offatomen Bedeutet, enthahene Disulfid- 

5 bis 3 e f£n h ?» ^L He «S te »i U ^ ei 1 e 8 raakt j ven p oVmeren mit einem Potymerisationsgrad im Bereich von 
«nth!itl„ , ,. ! J^,, . oder m8hr der Qesamten Bestandteilseinheiten Bestandteilseinheiten 
m KE^E d ^ rCh * Fton 2 al J n in Anspruch 1 *»oedrud« werden und das eine aktive, durch FtamS 
(ll-b) ausgedruckte Gruppe am Carboxylende der Haupkette aufweist 

X' — S — W — N — 

' (ll-b) 
R i 

worin W und R, jeweils die in Anspruch 1 angegebenen Bedeutungen besitzen und X' eine Gruppe 
darstellt, die zur Bildung einer S— S Bindung mit dem benachbarten Schwefelatom befahigt ist, dadurch 
eo gekennzeichnet, daB man ein hydrophlles Polymeres, in dem 60 Mol% oder mehr der Bestandteilsein- 
heiten durch Formel (I) ausgedruckte B standteilseinheiter nthalten und das eine aktive, durch die Formel 
(ll-a) ausgedruckte Gruppe am Carboxylende der Hauptkette aufweist 

HS— W — N — 

I (ll-a) 
Ri 



S5 
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worm W und R t die in Anspruch 1 angegebenen Bedeutungen besitzeo, mit einer Disulfidverbindung 
umsetzt 

6. Hydrophiles P lymeres mit einem Polymerisationsgrad im B reichv n 5 bis 3.000, in dem 60 M 1% 
Oder mehr der g samten Bestandt ilseinheiten Bestandt ilseinh iten enthalten, die durch die Formel (I) in 

5 Anspruch 1 ausgedruckt werden und das eine durch di Form I {III) v n Anspruch 4 ausgedruckte, eine 
Disulfidbindung enthaltende Gruppe in der Hauptkette oder am Carboxyiende der Hauptkette aufweist 

7. Reaktives Polymeres, das mit einer cytotoxischen, in ihrem Molekul eine Aminogruppe oder Imino- 
gruppe enthaltenden Substanz verbunden ist und das einen Potymerisationsgrad im Bereicht von 5 bis 
3.000 aufweist in dem 60 Mol% oder mehr der gesamten Bestandteilseinheiten Bestandteiiseinheiten 

to enthalten, die durch die Formel (I) von Anspruch 1 ausgedruckt sind und das Bestandteilseinheiten auf- 
weist die durch die Formel (IV) ausgedruckt werden 

_ COCHNH- 
I 

/5 (CH 2 )m (IV) 

I 

CO 

I 

Y 

20 

worin Y einen Reaktionsrest der Aminogruppe oder Iminog ruppe der cytotoxischen Substanz bedeutet und 
M eine ganze Zahl von 1 bis 4 ist und das eine durch die Formel (il) von Anspruch 1 ausgedruckte aktive 
Gruppe am Carboxyiende der Hauptkette hat. 

8. Verfahren zur Hersteilung eines reaktiven Polymeren, das mit einer cytotoxischen, in ihrem Molekul 
2s eine Aminogruppe oder Iminogruppe enthaltenden Substanz verbunden ist dadurch gekennzeichnet, da& 

man die cytotoxische Substanz mit einem reaktiven Potymeren nach Anspruch 1 reagieren lafct, 

9. Verfahren .zur Hersteilung eines reaktiven Polymeren, das mit einer cytotoxischen Substanz 
verbunden ist und eine durch Formel (ll-a) von Anspruch 1 ausgedruckte aktive Gruppe am Carboxyiende 
der Hauptkette aufweist dadurch gekennzeichnet, dafi man eine cytotoxische Substanz, die eine Amino* 

30 gruppe oder Iminogruppe in ihrem Molekul hat mit einem hydrophilen Polymeren nach Anspruch 6 ' 
umsetzt und die in dem Reaktionsprodukt enthaltene Disulfidbindung reduktiv spaltet 

10. Verfahren zur Hersteilung eines reaktiven Polymeren, das mit einer cytotoxischen Substanz 
verbunden ist und eine aktive, durch die Formel (ll-b) von Anspruch 5 ausgedruckte Gruppe am 
Carboxyiende der Hauptkette aufweist dadurch gekennzeichnet da& man eine Disulfidverbindung mit 

3S einem Polymeren umsetzt das einen Polymerisatlonsgrad von 5 bis 3.000 aufweist und in dem 60 Mol% 
oder mehr der gesamten Bestandteilseinheiten aus Bestandteilseinheiten bestehen, die durch die Formel 
(I) von Anspruch 1 ausgedruckt werden und Bestandteilseinheiten, die durch die Formel (IV) von Anspruch 
7 ausgedruckt werden und das eine durch Formel (It) von Anspruch 1 ausgedruckte aktive Gruppe am • 
Carboxyiende der Hauptkette aufweist 

40 

Revendications 

1. Poly mere reactif ayant un degre de polymerisation dans la gamme de 5 a 3.000 dont 60% en mole ou 
davantage des motifs constitutifs totaux comprennent des motifs constitutifs exprimes par la formule (I) 

— COCHN— (I) 

I 

(CH a ) n 
I 

so COOZ 

dans laquetle Z indique un atome d'hydrogene ou un cation monovalent; m est un nombre entier de 1 a 4; 
et comportant un groupe actif exprime par la formule (II) sur I'extremit6 carboxyle de la chatne prinicipale 

55 X— S— W— N — (II) 

I 

Ri 

dans laquetle X indique un atome d'hydrogene ou un groupe qui peut former une liaison S — S avec I'atome 
60 de soufre adjacent; W est un groupe organique divalent; et R, represente un atome d'hydrogene ou un 
gr upe alkyle ayant 1 a 4 at mes de carbone. 

2. Poiymere reactrf sel n la revendication 1, dans lequel W, dans la formule (II), est un groupe alkylene 
ayant 1 a 4 atomes d carbon . 

3. Polymer rdactrf selon la r vendication 1, dans lequel X est un groupe 2-pyridylthio, un groupe 4- 
65 pyridylthio, un groupe 3-carboxy-4-nitrophenylthio, un groupe 4-carboxy-2-pyridylthio, un groupe N- xy-2- 



45 



29 



to 
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pyrid Y lthio, un groupe 2-nitrophenylthio, un groupe 4-nitro-2-pyridylthio, un groupe 2-benzothiazolylthio 
un groupe 2-ben20imidazolylthio ou un groupe N-phenylamino-N'-phenyliminomethylthio. 
• , ^.«n* pr6pa , ration d ' un P 'Y m « re r degre de polymerisation dans la gamme de 5 

a 3.000 dont 60% en mo I s u davantage d s m tifs eonstitutifs totaux comprennent des motifs constitutors 
expnmfe par la formule (I) telle qu'elle est donnee dans la revendication 1 et comportant un grwpe aSf 
exprime par la formule (ll-a) sur le sarboxyle terminal de la chatne principal ' aroupeaoiT 



HS — W — N — 

R, {l, - 8 > 



dans faquelle W et R, ont respectivement les significations d6f»nies dans la revendication 1, qui comprend 
la coupure reductrice de la liaison disulfure contenue dens un polymdre hydrophile dont 60% en moles ou 
davantage de ses motifs eonstitutifs totaux comprennent des motifs eonstitutifs exprimes par la formule (I) 
et comportant un groupe contenant une liaison disulfure exprime par la formule (III) suivante dans la 
chaTne principale ou sur le carboxyle terminal de (a chains principals 

R a — S — S — W — N — 

I (ill) 
20 R, 

dans faquelle W et R, ont respectivement les significations ddfinies dans la revendication 1; R 2 indique un 
groupe alkyle, un groupe aralkyle ou un groupe aryie, lorsque le groupe exprime par la formule (III) est un 
groupe terminal de la chaine principale, et indique un groupe divalent represents par 

25 

— N — W — , 

I 

R'i 

30 lorsque le groupe exprim§ par la formule (III) est dans la chaTne principale; ou W est un groupe organique 
divalent identique ou different de W et est relie a S de la formule (lit); et R', est identique ou different de R 1 
et represents un atome d'hydrogene ou un groupe alkyle ayant 1 a 4 atomes de carbone. 

5. Procedg de preparation d'un polymere riactif ayant un degr§ de polyme* risatlon dans la gamme de 5 
a 3.000 dont 60% en moles ou davantage des motifs eonstitutifs totaux comprennent des motifs eonstitutifs 

35 exprimes par la formule (I) donn6e dans la revendication 1 et comportant un groupe actif exprime' par la 
formule (ll-b) sur le carboxyle terminal de la chaTne principale 

X' — S — W— N — 

I (ll-b) 
40 Ri 

dans laquelle W et R n ont respectivement la signification donnee dans la revendication 1, et X' indique un 
groupe capable de former une liaison S— S avec I'atome de soufre adjacent, qui comprend la reaction d'un 
polymere hydrophile dont 60% en moles ou davantage des motifs eonstitutifs comprennent des motifs 
45 eonstitutifs exprimes par la formule (I) et qui comporte un groupe actif exprime par la formule (il-a) sur le 
carboxyle terminal de la chaine principale 

HS — W— N — 

I (li-a) 
so Ri 

dans laquelle W et R, ont respectivement la signification donnee dans la revendication 1 ; avec un compost 
disulfure. 

6. Polymere hydrophile ayant un degre de polymerisation dans la gamme de 5 a 3.000 dont 60% en 
S5 moles ou davantage des motifs eonstitutifs totaux comprennent des motifs eonstitutifs exprimes par la 

formule (I) salon la revendication 1 et comportant un groupe contenant une liaison disulfure exprime par la 
formule (III) donnee dans la revendication 4 dans la chaTne principale ou sur le carboxyle terminal de la 
chaine principale. 

7. Polymere reactif qui est lid avec une substance cytotoxique qui contient un groupe amino ou un 
6 o groups imino dans sa molecule, ayant un degr6 de polymerisation dans la gamme de 5 a 3.000, dont 60% 

en moles ou davantage des motifs constitufs totaux comprennent des m tifs eonstitutifs exprimes par la 
f rmule (I) donnee dans la revendication 1 et d s motifs eonstitutifs exprimes par la formule (IV) 
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-COCHNH— 

I (IV) 
(CH,) m 

I 

CO 

I 

Y 



dans laquelle Y indique un residu de reaction du groupe amino ou du groupe imino de la cubstance cyto- 
toxique; et m est un nombre entier de 1 a 4; et comportant un groupe actif expnme par la formula (II) 
donnee dans la revendication 1 sur le carboxyle terminal de la chaTne pnncipale. 

8 Precede pour la preparation d'un polymere reactif lie" avec une substance cytotoxique contenant un 
groups amino ou un groupe imino dans sa molecule, comprenant la reaction de la substance cytotoxique 
avec un polymere reactif selon la revendication 1. . 

9. Precede pour la preparation d'un polymere reactif qui est h* avec une substance cytotoxique. 
comportant un groupe actif exprime par la formula (ll-a) donnee dans la revendication 1 sur I extremite 
carboxyle de la chaine principale, ce proced* comprenant la reaction d'une substance cytotoxique 
contenant un groupe amino ou un groupe imino dans sa molecule avec un polymfcre hydrophile selon la 
revendication 6. et (2) la coupure reductrice de la liaison dlsulfure contenue dans le produ.t ^act'O". 
20 10. Precede pour la preparation d'un polymere reactif, qui est He avec une substace cytotoxique, 
comportant un groupe actif exprime par la formule (ll-b) donnee dans la revendication 5 sur I extremite 
carboxyle de la chaTne principale. ce precede comprenant la reaction d'un compose d.sulfure avec un 
polymere ayant un degre de polymerisation dans la gamme de 5 a 3.000 dont 60% en moles ou davantage 
des motifs constitutifs totaux sont constitues par des motifs constitutifs exprmes par la formule (I) donnee 
is dans la revendication 1 et des motifs constitutifs exprimes par la formule (IV) donnee dans la revendicat.on 
7 et comportant un groupe actif exprime par la formule (II) donnee dans la revendication 1 sur I extremite 
carboxyle de la chatne principale. 
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